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MCS®-96 
8096BH ARCHITECTURAL 
OVERVIEW 


This manual is written about the 8X9XBH parts, ge- 
nerically referred to as an 8096BH. An 8-bit bus ver- 
sion ofthis part, the 8098/8398, is described in the 8-bit 
Embedded Controller Handbook. 


The 8096BH can be separated into several sections for 
the purpose of describing its operation. There is a 16-bit 
CPU, a programmable High Speed I/O Unit, an analog 
to digital converter, a serial port, and a Pulse Width 
Modulated (PWM) output for digital to analog conver- 
sion. In addition to these functional units, there are 
some sections which support overall operation of the 
chip such as the clock generator. The CPU and the 
programmable 
I/O 
make the 8096BH very different 


from any other microcontroller. 
Let us first examine 


the CPU. 


The major components of the CPU on the 8096BH are 
the Register File and the RALU. Communication with 
the outside world is done through either the Special 
Function Registers (SFRs) or the Memory Controller. 
The RALU (Register/Arithmetic 
Logic Unit) does not 


use an accumulator, it operates directly on the 256-byte 
register space made up of the Register File and the 
SFRs. Efficient I/O operations are possible by directly 
controlling the I/O through the SFRs. The main bene- 
fits of this structure are the ability to quickly change 
context, the absence of accumulator 
bottleneck, and 


fast throughput and I/O times. 


A "Control Unit" and two busses connect the Register 
File and RALU. Figure 1 shows the CPU with its 
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major bus connections. The two buses are the "A-Bus" 
which is 8-bits wide, and the "D-Bus" which is 16-bits 
wide. The D-Bus transfers 
data 
only between the 
RALU and the Register File or Special Function Regis- 
ters (SFRs). The A-Bus is used as the address bus for 
the above transfers or as a multiplexed address/data 
bus connecting to the "Memory Controller". Any ac- 
cesses of either the internal ROM or external memory 
are done through the Memory Controller. 


Within the memory controller is a slave program coun- 
ter (Slave PC) which keeps track of the PC in the CPU. 
By having most program fetches from memory refer- 
enced to the slave PC, the processor saves time as ad- 
dresses seldom have to be sent to the memory control- 
ler. If the address jumps sequence then the slave PC is 
loaded with a new value and processing continues. 
Data fetches from memory are also done through the 
memory controller, but the slave PC is bypassed for 
this operation. 


The Register File contains 232 bytes of RAM which 
can be accessed as bytes, words, or double-words. Since 
each of these locations can be used by the RALU, there 
are essentially 232 "accumulators". 
The first word in 


the Register File is reserved for use as the stack pointer 
so it can not be used for data when stack manipulations 
are taking place. Addresses for accessing the Register 
File and SFRs are temporarily stored in two 8-bit ad- 
dress registers by the CPU hardware. 


Instructions to the RALU are taken from the A-Bus 
and stored temporarily in the instruction register. The 
Control Unit decodes the instructions and generates the 
correct sequence of signals to have the RALU perform 
the desired function. Figure I shows the instruction 
register and the control unit. 


Most calculations performed by the 8096BH take place 
in the RALU. The RALU, shown in Figure 2, contains 
a 17-bit ALU, the Program Status Word (PSW), the 
Program Counter (PC), a loop counter, and three tem- 
porary registers. All of the registers are 16-bits or 
17-bits (16+ 
sign extension) wide. Some of the regis- 
ters have the ability to perform simple operations to off- 
load the ALU. 


A separate incrementor is used for the PC; however, 
jumps must be handled through the ALU. Two of the 
temporary registers have their own shift logic. These 
registers are used for the operations which require logi- 
cal shifts, including Normalize, Multiply, and Divide. 
The "Lower Word" register is used only when double- 
word quantities are being shifted, the "Upper Word" 
register is used whenever a shift is performed or as a 
temporary 
register for many instructions. 
Repetitive 


shifts are counted by the 5-bit "Loop Counter". 


A temporary register is used to store the second oper- 
and of two operand instructions. This includes the mul- 
tiplier during multiplications 
and the divisor during 


divisions. To perform subtractions, the output of this 
register can be complemented before being placed into 
the "B" input of the ALU. 


The DELAY shown in Figure 2 is used to convert the 
16-bit bus into an 8-bit bus. This is required as all ad- 
dresses and instructions are carried on the 8-bit A-Bus. 
Several constants, such as 0, I and 2 are stored in the 
RALU 
for use in speeding up certain calculations. 
These come in handy when the RALU needs to make a 
2's complement number or perform an increment or 
decrement instruction. 


The 8096BH requires an input clock frequency of be- 
tween 6.0 MHz and 12 MHz to function. This frequen- 
cy can be applied directly to XTALl. 
Alternatively, 
since XTALI and XTAL2 are inputs and outputs of an 
inverter, it is also possible to use a crystal to generate 
the clock. A block diagram of the oscillator section is 
shown in Figure 3. Details of the circuit and sugges- 
tions for its use can be found in Section I of the Hard- 
ware Design chapter. 


The crystal or external oscillator frequency is divided 
by 3 to generate the three internal timing phases as 
shown in Figure 4. Each of the internal phases repeat 
every 3 oscillator periods: 3 oscillator periods are re- 
ferred to as one "state time", the basic time measure- 
ment for 8096BH operations. Most internal operations 
are synchronized to either Phase A, B or C, each of 
which have a 33% duty cycle. Phase A is represented 
externally by CLKOUT, 
a signal available on the 


68-pin part. Phases Band C are not available external- 
ly. The relationships ofXTALl, 
CLKOUT, and Phases 


A, B, and C are shown in Figure 4. It should be noted 
that propagation delays have not been taken into ac- 
count in this diagram. Details on these and other tim- 
ing relationships can be found in the Hardware Design 
chapter. 


The RESET line can be used to start the 8096BH at an 
exact time to provide for synchronization of test equip- 
ment and multiple chip systems. Use of this feature is 
fully explained under RESET, Section 13. 


The addressable memory space on the 8096BH consists 
of 64K bytes, most of which is available to the user for 
program or data memory. Locations which have special 
purposes 
are OOOOHthrough 
DOFFH and 
IFFEH 


through 2080H. All other locations can be used for ei- 
ther program or data storage or for memory mapped 
peripherals. A memory map is shown in Figure 5. 


Locations DOHthrough OFFH contain the Register File 
and Special Function Registers, (SFRs). No code can 
be executed from this internal RAM section. If an at- 


tempt to execute instructions 
from locations OOOH 


through OFFH is made, the instructions will be fetched 
from external memory. This section of external memo- 
ry is reserved for use by Intel development tools. Exe- 
cution of a nonmaskable interrupt (NMI) will force a 
call to external location OOOOH,therefore, the NMI and 
TRAP interrupt are is also reserved for Intel develop- 
ment tools. 


The RALU can operate on any of the 256 internal reg- 
ister locations. Locations DOHthrough 17H are used to 
access the SFRs. Locations 18H and 19H contain the 
stack pointer. These are not SFRs, and may be used as 
standard RAM if stack operations are not being per- 
formed. The stack pointer must be initialized by the 
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16 
RESERVED 
201CH-201FH 
OFH 
10 PORT 1 
10 PORT 1 
15 


OEH 
10 PORT 0 
BAUD 
RATE 
SELF JUt.4P OPCODE (27H FEH) 
201AH-201BH 


14 
RESERVED 
2019H 
ODH 
T1t.4ER2(HI) 
13 
CHIP CONFIGURATION 8YTE 
2018H 
OCH 
TIt.4ER2 (LO) 
RESERVED 
12 
RESERVED 
2012H 
- 2017H 
OBH 
TIt.4ERl (HI) 
11 


OAH 
TIt.4ERl (LO) 
WATCHDOG 
10 
INTERRUPT VECTORS 


09H 
INLPENDING 
INT PENDING 


08H 
INLt.4ASK 
INLt.4ASK 
8 
2000H 


07H 
SBUF (RX) 
SBUF (TX) 
PORT 4 
lFFFH 


06H 
HSLSTATUS 
HSO_COt.4t.4AND 
PORT 3 
1FFEH 


05H 
HSUIt.4E 
(HI) 
HSO Tlt.4E (HI) 
EXTERNAL t.4Et.40RY 


04H 
HSUIt.4E 
(LO) 
HSO_TIt.4E (LO) 
OR I/o 


0100H 
03H 
AD_RESULT (HI) 
HSI 
t.40DE 
3 
OOFFH 
INTERNAL RAt.4 


02H 
AD 
RESULT (LO) 
AD_COt.4t.4AND 
REGISTER FILE 


01H 
RO (HI) 
RO (HI) 


STACK POINTER 
SPECIAL FUNCTION REGISTERS 


OOH 
RO (LO) 
RO (LO) 
(WHEN ACCESSED AS DATA t.4Et.40RY) 
OOOOH 


(WHEN READ) 
(WHEN WRITIEN) 
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Figure 5. Memory 
Map 


1-4 


inter 


user program and can point anywhere in the 64K mem- 
ory space. The stack builds down. There are no restric- 
tions on the use of the remaining 230 locations except 
that code cannot be executed from them. 


All of the I/O on the 8096BH is controlled through the 
SFRs. Many of these registers serve two functions; one 
if they are read from, the other if they are written to. 
Figure 5 shows the locations and names of these regis- 
ters. A summary of the capabilities of each of these 
registers is shown in Figure 6, with complete descrip- 
tions reserved for later sections. 


There are several restrictions on using special function 
registers. 


Neither the source or destination addresses of the Mul- 
tiply and Divide instructions can be a writable special 
function register. 


These registers may not be used as base or index regis- 
ters for indirect or indexed instructions. 


These registers can only be accessed as bytes unless 
otherwise specified in Figure 6. Note that some of these 
registers can only be accessed as words, and not as 
bytes. 


Within the SFR space are several registers labeled 
"RESERVED". 
These registers are reserved for future 
expansion and test purposes. Operations should not be 
performed with these registers as reads from them and 
writes to them may produce unexpected results. For 
example, in some versions of the 8096BH writing to 
location OCH will set both timers to 0FFFXH. 
This 
may not be the case in future products, so it should not 
be used as a feature. 


The upper 16 RAM locations (OFOHthrough OFFH) 
receive their power from the VPD pin. If it is desired to 


keep the memory in these locations alive during a pow- 
er down situation, one need only keep voltage on the 
VpD pin. The current required to keep the RAM alive 
is approximately 1 milliamp (refer to the data sheet for 
the exact specification). Both VCCand VPD must have 
power applied for normal operation. If VPD is not ap- 
plied the power down RAM will not function properly, 
even if Vcc is applied. 


To place the 8096BH into a power down mode, the 
RESET pin is pulled low. Two state times later the part 
will be in reset. This is necessary to prevent the part 
from writing into RAM as the power goes down. The 
power may now be removed from the Vcc pin, the 
VPD pin 
must 
remain 
within 
specifications. 
The 


8096BH can remain in this state for any amount of time 
and the 16 RAM bytes will retain their values. 


To bring the 8096BH out of power down, RESET is 
held low while Vcc is applied. Two state times after the 
oscillator has stabilized, the RESET pin can be pulled 
high. The 8096BH will begin to execute code at loca- 
tion 02080H 10 state times after RESET is pulled high. 
Figure 7 shows a timing diagram of the power down 
sequence. To ensure that the 2 state time minimum re- 
set time (synchronous with CLKOUT) is met, it is rec- 
ommended that 10 XTALI cycles be used. Suggestions 
for actual hardware connections are given in the Hard- 
ware Design Chapter. Reset is discussed in Section 13. 


To determine if a reset is a return from power down or 
a complete cold start a "key" can be written into pow- 
er-down RAM while the part is running. This key can 
be checked on reset to determine which type of reset 
has occurred. In this way the validity of the power- 
down RAM can be verified. The length of this key de- 
termines the probability that this procedure will work, 
however, there is always a statistical chance that the 
RAM will power up with a replica of the key. 


Under 
most circumstances, 
the power-fail indicator 


which is used to initiate a power-down condition must 
come from the unfiltered, unregulated section of the 
power supply. The power supply must have sufficient 
storage capacity to operate the 8096BH until it has 
completed its reset operation. 


n'C\'~I~lC:1 
__ 
<iilO 
•••.• 
,,...,_,, 
---_._ 
.. 


RO 
Zero Register - 
Always reads as a zero, useful for a base when 
3 
indexing 
and as a constant 
for calculations 
and compares. 


AD_RESULT 
AID 
Result Hi/low 
- 
low 
and high order Results of the AID 
8 
converter 
(byte read only) 


AD_COMMAND 
AID Command 
Register - 
Controls 
the AID 
8 


HSI_MODE 
HSI Mode Register - 
Sets the mode of the High Speed Input unit. 
6 


HSI_TIME 
HSI Time Hi/lo 
- 
Contains 
the time at which the High Speed 
6 
Input unit was triggered. 
(word read only) 


HSO_TIME 
HSO Time Hi/lo 
- 
Sets the time or count for the High Speed 
7 
Output to execute 
the command 
in the Command 
Register. 
(word 
write only) 


HSO_COMMAND 
HSO Command 
Register - 
Determines 
what will happen at the 
7 
time loaded into the HSO Time registers. 


HSI_STATUS 
HSI Status Registers - 
Indicates which HSI pins were detected 
at 
6 
the time in the HSI Time registers and the current state of the pins. 


SBUF (TX) 
Transmit 
buffer for the serial port, holds contents 
to be outputted. 
9 


SBUF(RX) 
Receive 
buffer for the serial port, holds the byte just received 
by 
9 
the serial port. 


INT_MASK 
Interrupt 
Mask Register - 
Enables or disables the individual 
4 
interrupts. 


INT_PENDING 
Interrupt 
Pending Register - 
Indicates that an interrupt 
signal has 
4 
occurred 
on one of the sources 
and has not been serviced. 


WATCHDOG 
Watchdog 
Timer Register - 
Written to periodically 
to hold off 
12 
automatic 
reset every 64K state times. 


TIMER1 
Timer 1 Hi/lo 
- 
Timer 1 high and low bytes. (word read only) 
5 


TIMER2 
Timer 2 Hi/lo 
- 
Timer 2 high and low bytes. (word read only) 
5 


10PORTO 
Port 0 Register - 
levels 
on pins of port O. 
10 


BAUD_RATE 
Register which determines 
the baud rate, this register is loaded 
9 
sequentially. 


IOPORT1 
Port 1 Register - 
Used to read or write to Port 1. 
10 


IOPORT2 
Port 2 Register - 
Used to read or write to Port 2. 
10 


SP_STAT 
Serial Port Status - 
Indicates 
the status of the serial port. 
9 


SP_CON 
Serial Port Control - 
Used to set the mode of the serial port. 
9 


10SO 
I/O Status Register 
0 - 
Contains 
information 
on the HSO status 


, 


11 


IOS1 
I/O Status Register 
1 - 
Contains 
information 
on the status of the 
11 
timers and of the HSI. 


lOCO 
I/O Control 
Register 0 - 
Controls 
alternate 
functions 
of HSI pins, 
11 
Timer 2 reset sources and Timer 2 clock sources. 


IOC1 
I/O Control Register 
1 - 
Controls 
alternate 
functions 
of Port 2 
11 
pins, timer interrupts 
and HSI interrupts. 


PWM_CONTROl 
Pulse Width Modulation 
Control 
Register - 
Sets the duration 
of 
8 
the PWM pulse. 


inter 


YPD 
• h,.5Y 


RESET 


A listing of locations with special significance is shown 
in Figure 8. The locations marked "Reserved" are re- 
served by Intel for use in testing or future products. 
They must be filled with the Hex value FFH to insure 
compatibility with future parts. 


Locations IFFEH and IFFFH are reserved for Ports 3 
and 4 respectively. This is to allow easy reconstruction 
of these ports if external memory is used in the system. 
An example of reconstructing the 110 ports is given in 
section 7 of the Hardware Design chapter. If ports 3 
and 4 are not going to be reconstructed, these locations 
can be treated as any other external memory location. 


The 9 interrupt vectors are stored in locations 2000H 
through 20II H. The 9th vector is used by Intel devel- 
opment systems, as explained in Section 4. 


Locations 2012H through 2017H are reserved for fu- 
ture use. Location 2018H is the Chip Configuration 
byte which will be discussed in the next section. The 
Jump-To-Self opcodes at locations 20lAH and 20IBH 
are provided for EPROM programming as detailed in 
the 
Hardware 
Design 
chapter. 
Locations 
2020H 
through 
202FH are the security key used with the 
ROM Lock feature which will be discussed in the next 
section. All unspecified addresses in locations 2000H 
through 
207FH, 
including those marked 
Reserved, 
should be considered reserved for use by Intel. 


Resetting the 8096BH causes instructions to be fetched 
starting from location 2080H. This location was chosen 
to allow a system to have up to 8K of RAM continuous 
with the register file. Further information on reset can 
be found in Section 13. 


OOOOH- 0017H 
Register Mapped I/O (SFRs) 
0018H- 
0019H 
Stack Pointer 
1FFEH- 
1FFFH 
Ports 3 and 4 
2000H- 
2011 H 
Interrupt Vectors 
2012H- 
2017H 
Reserved 
2018H 
Chip Configuration Byte 


2019H 
Reserved 
201AH- 
201BH 
"Jump to Self" Opcode (27H FEH) 


201CH- 
201FH 
Reserved 
2020H- 
202FH 
Security Key 
2030H- 
207FH 
Reserved 
2080H 
Reset Location 


When a ROM part is ordered, or an EPROM part is 
programmed, 
the internal memory locations 2080H 


through 3FFFH are user specified, as are the interrupt 
vectors, Chip Configuration Register and Security Key 
in locations 2000H through 202FH. 


Instruction and data fetches from the internal ROM or 
EPROM 
occur 
only if the 
part 
has a ROM 
or 


EPROM, EA is tied high, and the address is between 
2000H and 3FFFH. At all other times data is accessed 
from either the internal RAM space or external memo- 
ry and instructions are fetched from external memory. 
The EA pin is latched on RESET rising. Information 
on programming EPROM~ can be found in Section 10 
of the Hardware Design chapter. 


Do not execute code out of the last three locations of 
internal ROM/EPROM. 


The RALU talks to the memory (except for the loca- 
tions in the register file and SFR space) through the 
memory controlleFowhichis connected to the RALU by 
the A-Bus and several control lines. Since the A-Bus is 
eight bits wide, the memory controller uses a Slave Pro- 
gram Counter to avoid having to always get the instruc- 
tion location from the RALU. This slave PC is incre- 
mented after each fetch. When a jump or call occur£, 
the slave PC must be loaded from the A-Bus before 
instruction fetches can continue. 


. In addition to holding a slave PC, the memory control- 


ler contains a 4 byte queue to help speed execution. 
This queue is transparent to the RALU and to the user 
unless wait states are forced during external bus cycles. 
The instruction execution times shown in Section 14.8 
show the normal execution times with no wait states 
added and the 16-bit bus selected. Reloading the slave 
PC and fetching the first byte of the new instruction 
stream takes 4 state times. This is reflected in the jump 
taken/not-taken 
times shown in the table. 


There are several operating modes on the 8096BH. The 
standard bus mode uses a 16-bit multiplexed address/ 
data bus. Other bus modes include an 8-bit mode and a 


mode 
in which 
the bus size can 
dynamically 
be 


switched between 8-bits and 16-bits. In addition, there 
are several options available on the type of control sig- 
nals used by the bus. 


In the standard mode, external memory is addressed 
through lines ADO through AD15 which form a 16-bit 
multiplexed (address/data) 
data bus. These lines share 


pins with I/O Ports 3 and 4. The falling edge of the 
Address Latch Enable (ALE) line is used to provide a 
clock to a transparent latch (74LS373) in order to de- 
multiplex the bus. A typical circuit and the required 
timings are shown in Section 7 of the Hardware Design 
chapter. Since the 8096BH's external memory can be 
addressed as either bytes or words, the decoding is con- 
trolled with two lines, Bus High Enable (BHE) and 
AddresslData 
Line 0 (ADO). 


To avoid confusion during the explanation of the mem- 
ory system it is reasonable to give names to the demulti- 
plexed address/data signals. The address signals will be 
called MAO through MA15 (Memory Address), and 
the data signals will be called MDO through MD 15 
(Memory Data). 


When BHE is active (low), the memory connected to 
the high byte of the data bus should be selected. When 
MAO is low the memory connected to the low byte of 


ADDRESSiDATA 
~ 
DATAOUT 
~_A_I_N 
_ 


BHE,INST 
~ 


the data bus should be selected. In this way accesses to 
a 16-bit wide memory can be to the low (even) byte 
only (MAO=O, BHE= I), to the high (odd) byte only 
~O= 
I, 
BHE=O), 
or 
to both 
bytes (MAO=O, 


BHE = 0). When a memory block is being used only for 
reads, BHE and MAO need not be decoded. 


Figure 9 shows the idealized waveforms related to the 
following description of external memory manipula- 
tions. For exact timing specifications please refer to the 
latest data sheet. When an external memory fetch be- 
gins, the address latch enable (ALE) line rises, the ad- 
dress is put on ADO-ADI5 
and BHE is set to the re- 


quired state. ALE then falls, the address is taken off the 
pins, and the RD (Read) signal goes low. When RD 
falls, external memory should present its data to the 
8096BH. 


The data from the external memory must be on the bus 
and stable for a minimum of the specified set-up time 
before the rising edge of RD. The rising edge of RD 
latches the information into the 8096BH. If the read is 
for data, the INST pin will be low when the address is 
valid, if it is for an instruction the INST pin will be 
high during this time. The 48-lead part does not have 
the INST pin. The INST pin will be low for the Chip 
Configuration Byte and Interrupt Vector fetches. 


Writing to external memory requires timings that are 
similar to those required when reading from it. The 
main difference is that the write (WR) signal is used 
instead of the RD signal. The timings are the same until 
the falling edge of the WR line. At this point the 
8096BH removes the address and places the data on the 
bus. When the WR line goes high the data should be 
latched to the external memory. In systems which can 
write to byte locations, the ADO and BHE lines must be 
used to decode WR into WRite to Low byte (WRL) 
and WRite to High byte (WRH) signals. INST is al- 
ways low during a write, as instructions cannot be writ- 
ten. The exact timing specifications for memory access- 
es can be found in the data sheet. 


A ready line is available on the 8096BH to extend the 
width of the RD and WR pulses in order to allow ac- 
cess of slow memories or for DMA purposes. If the 
READY line is low by the specified time after ALE 
falls, the 8096BH will hold the bus lines to their values 
at the falling edge of CLKOUT. When the READY 


line rises the bus cycle will continue with the next fall- 
ing edge of CLKOUT. 


Since the bus is synchronized to CLKOUT, it can be 
held only for an integral number of state times. If more 
than TYLYH nanoseconds are added the processor will 
act unpredictably. 


There are several set-up and hold times associated with 
the READY signal. If these timings are not met, the 
part may not respond with the proper number of wait 
states. 


For falling edges of READY, sampling is done inter- 
nally on the falling edge of Phase A. Since Phase A 
generates CLKOUT, 
(after some propagation 
delay) 


the sample will be taken prior to CLKOUT falling. The 
timing specification for this is given as TLLYV, the 
time between when ALE falls and READY must be 
valid. If READY changes between TLL YV max and 
the falling edge of CLKOUT (TLLYH MIN on 48-lead 
devices) it would be possible to have the READY sig- 
nal transitioning as it is being sampled. 


This 
situation 
could 
cause a metastable 
condition 


which could make the device operate unpredictably. 


For the rising edge of READY, sampling is done inter- 
nally on the rising edge of PhaseA. 
The rising edge 


logic is fully synchronized, so it is not possible to cause 
a metastable condition once the device is in a valid not- 
ready condition. To cause one wait state to occur the 
rising edge of READY 
must occur before TLL YH 


MAX after ALE falls. If the signal is brought up after 
this time two wait states may occur. If two wait states 
are desired, READY should be brought high within the 
TLLYH specification + 3 Tosc. Additional wait states 
can be caused by adding additional state times to the 
READY low time. The maximum amount of time that 
a device may be held not-ready is specified as TYL YH. 


The 8096BH has the ability to internally limit the num- 
ber of wait states to I, 2, or 3 as determined by the 
value in the Chip Configuration Register, (CCR). Us- 
ing the CCR for ready timing is discussed at the end of 
this section. If a ready limit is set, the TLL YH MAX 
specification is not used. 


The 8096BH supports a variety of options to simplify 
memory systems, interfacing requirements and ready 
control. Bus flexibility is provided by allowing selection 
of bus control signal definitions and runtime selection 
of the external bus width. In addition, several ready 
control modes are available to simplify the external 
hardware requirements for accessing slow devices. The 
Chip Configuration Register (CCR) is used to store the 
operating mode information. 


intJ 


Configuration information is stored in the Chip Config- 
uration Register (CCR). Four of the bits in the register 
specify the bus control mode and ready control mode. 
Two bits also govern the level of ROM/EPROM 
pro- 


tection and one bit is NANDed with the BUSWIDTH 
pin every bus cycle to determine the bus size. The CCR 
bit map is shown in Figure 10. The functions associated 
with each bit are described in this section. 


RESERVED (Set 
to 
1 for 
compatibility 
with 
future 
parts) 


BUS WIDTH SELEC_T 
_ 
(16 - BIT BUS /8- 
BIT BUS) 


WRITE STROBE MODE SELECT 
(WR AND BHE/WRL 
AND WRH) 


ADDRESS VALID STROBE SELECT 


(ALE/ 
ADV) 


(IRCO) 
} INTERNAL READY 


(IRCI) 
CONTROL MODE 


(LOCO)} 
PROGRAM LOCK 
(LOCI) 
MODE 
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The CCR is loaded on reset with the Chip Configura- 
tion Byte, located at address 2018H. The CCR register 
is a non-memory mapped l<JC!ltionthat can only be 
written to during the reset sequence; once it is loaded it 
cannot be changed until the next reset occurs 
The 


8096BH will correctly read this location in every bus 
mode. 


Ifthe EA pin is set to a logical 0, the access to 2018H 
comes from external memory. If EA is a logical I, the 
access comes from internal ROM/EPROM. 
If EA is 
+ 12.5V, the CCR is loaded with a byte from a separate 
non-memory-mapped location called PCCB (Program- 
ming CCB). The Programming mode is described in 
Section 10 of the Hardware Design chapter. 


The 8096BH external bus width can be run-time config- 
ured to operate as a standard 
16-bit multiplexed ad- 


dress/data bus, or as an 8051 style 16-bit address/8-bit 
data bus. 


During 16-bit bus cycles, Ports 3 and 4 contain the 
address multiplexed with data using ALE to latch the 
address. In 8-bit bus cycles, Port 3 is multiplexed ad- 
dress/data 
while Port 4 is address bits 8 through 15. 


The address bits on Port 4 are valid throughout an 8-bit 
bus cycle. Figure II shows the two options. 


The bus width can be changed each bus cycle and is 
controlled 
using bit I of the CCR with the BUS- 


WIDTH pin. If either CCR.I or BUSWIDTH is a 0, 
external accesses will be over a 16-bit address/8-bit 
data bus. If both CCR.I and BUSWIDTH are Is, ex- 
ternal accesses will be over a 16-bit address/16-bit data 
bus. Internal accesses are always 16-bits wide. 


The bus width can be changed every external bus cycle 
if a I was loaded into CCR bit I at reset. If this is the 
case, changing the value of the BUSWIDTH pin at run- 
time will dynamically select the bus width. For exam- 
ple, the user could feed the INST line into the BUS- 
WIDTH pin, thus causing instruction accesses to be 
word wide from EPROMs while data accesses are byte 
wide to and from RAMs. A second example would be 
to place an inverted version of Address bit 15 on the 
BUSWIDTH 
pin. This would make half of external 


memory word wide, while half is byte wide. 


Since BUSWIDTH is sampled after address decoding 
has had time to occur, even more complex memory 
maps could be constructed. See the timing specifica- 
tIons for an exact description of BUSWIDTH timings. 
The bus width will be determined by bit I of the CCR 
alone on 48-pin parts since they do not have a BUS- 
WIDTH pin. 


When using an 8-bit bus, some performance degrada- 
tion is to be expected. On the 8096BH, instruction exe- 
cution times with an 8-bit bus will slow down if any of 
three conditions occur. First, word writes to external 
memory will cause the executing instruction 
to take 


two extra state times to complete. Second, word reads 
from external memory will cause a one state time exten- 
sion of instruction execution time. Finally, if the pre- 
fetch queue is empty when an instruction fetch is re- 
quested, instruction 
execution is lengthened by one 


state time for each byte that must be externally ac- 
quired (worst case is the number of bytes in the instruc- 
tion minus one.) 


PORT 4 


PORT 3 


S-BIT 


PORT 4 
LATCHED 
ADDRESS 
HIGH 


Using the CCR, the 8096BR can be made to provide 
bus control signals of several types. Three control lines 
have dual functions designed to reduce external hard- 
ware. Bits 2 and 3 of the CCR specify the functions 
performed by these control lines. Figures 12-15 show 
the signals which can be modified by changing bits in 
the CCR, all other lines will operate as shown in Figure 9. 


BHE1 
v_A_L_ID 
1 


ADO -15 ~ 
ADDR I 
DATA OUT 
~ 


If CCR bits 2 and 3 are Is, then the standard 8096BR 
control ~Is 
WR, BRE and ALE are provided (Fig- 


ure 12). WR will come out for every write. BRE will be 
valid throughout the bus cycle and can be combined 
with WR and address line 0 to form WRL and WRH. 
ALE will rise as the address starts to come out, and will 
fall to provide the signal to externally latch the address. 


-_I 


ADO-7 
-1ADDR 
LOwl 
DATA OUT 
~ 


ADS -15 ~ 
A_D_DR_E_S_S_H_IG_H r-- 


inter 


The Write Strobe Mode eliminates the necessity to ex- 
ternally decode for odd or even byte writes. If CCR bit 
2 is a 0, and the bus is in a 16-bit cycle, WRL and 
WRH signals are provided in place of WR and BHE 
(Figure 13). WRL will go low for all byte writes to an 
even address and all word writes. WRH will go low for 
all byte writes to an odd address and all word writes. 


WRL is provided for all 8-bit bus write cycles. 


If CCR bit 3 is a 0, then an Address Valid strobe is 
provided in the place of ALE ~re 
14). When the 


address valid mode is selected, ADV will go low after 
an external address is set up. It will stay low until the 
end of the bus cycle, where it will go inactive high. This 
can be used to provide a chip select for external memory. 


ALE 
ALE 


WRL 
VALID 
WRL 
LJ 


WRH 
I 
VALID I 
ADO -7 
~ADDR 
LOW I 
DATA OUT r- 


ADO -15 -f 
ADDR I 
DATA OUT r- 
ADS 
-15 
~ 
ADDRESS 
HIGH r- 
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16·Blt Bus Cycle 
8·Blt Bus Cycle 


ADV 
I 
ADV 


WR 
I 
WR 


SHEI 
VALID 
I 
ADO - 7 
~ 
ADDR 
LOwl 
DATA OUT r- 


ADO -15 
~ 
DATA OUT r- 
ADS-15 --f 
ADDRESS 
OUT 
HIGH r- 


270250-15 
270250-16 


inter 


ADV 
ADV 


WRL 
8 
WRL 
LJ 


WRH 
8 
ADO -7 -1 ADDR LOWI 
DATA OUT J- 


ADO -15 -I 
ADDR 
DATA OUT J- 
ADB -15 -i 
ADDRESS HIGH J- 


270250-17 
270250-18 


16·Blt Bus Cycle 
8·Blt Bus Cycle 


Ifboth CCR bits 2 and 3 are Os,both the Address Valid 
strobe and the Write Strobes will be provided for bus 
control. Figure 15 shows these signals. 


To simplify ready control, four modes of internal ready 
control logic have been provided. The modes are cho- 
sen by properly configuring bits 4 and 5 of the CCR. 


The internal ready control logic can be used to limit the 
number of wait states that slow devices can insert into 
the bus cycle. When the READY pin is pulled low, 
wait states will be inserted into the bus cycle until the 
READY pin goes high, or the number of wait states 
equals the number specified by CCR bits 4 and 5, 
whichever comes first. Table I shows the number of 
wait states that can be selected. Internal Ready control 
can be disabled by loading 11 into bits 4 and 5 of the 
CCR. 


IRC1 
IRCO 
Description 


0 
0 
Limit to 1 Wait State 
0 
1 
Limit to 2 Wait States 
1 
0 
Limit to 3 Wait States 
1 
1 
Disable Internal Ready Control 


This feature provides for simple ready control. For ex- 
ample, every slow memory chip select line could be 
ORed together and be connected to the READY pin 
with CCR bits 4 and 5 programmed to give the desired 
number of wait states to the slow devices. 


Four modes of program memory lock are available on 
the 839XBH and 879XBH parts. CCR bits 6 and 7 
(LOCO, LOCI) select whether internal program memo- 
ry can be read (or written in EPROM parts) by a pro- 
gram executing from external memory. The modes are 
shown in Table 2. Internal ROM/EPROM 
addresses 


2020H through 3FFFH are protected from reads while 
2000H through 3FFFH are protected from writes, as 
set by the CCR. 


LOC1 
LOCO 
Protection 


0 
0 
Read and Write Protected 


0 
1 
Read Protected 
1 
0 
Write Protected 
1 
1 
No Protection 


Only code executing from internal memory can read 
protected internal memory, while a write protected 
memory can not be written to, even from internal exe- 
cution. As a result of 8096BH prefetching of instruc- 
tions, however, accesses to protected memory are not 
allowed for instructions located above 3FFAH. This is 
because the lock protection mechanism is gated off of 
the Memory Controller's 
slave program counter and 


not the CPU program counter. If the bus controller 
receives a request to perform a read of protected memo- 
ry, the read sequence occurs with indeterminate data 
being returned to the CPU. Note that the interrupt vec- 
tors and the CCR are not protected. 


To provide verification and testing when the program 
lock feature is enabled, the 839XBH and 879XBH veri- 
fy the security key before programming or test modes 
are allowed to read from protected memory. Before 
protected memory can be read, the chip reads external 
memory locations 4020H through 402FH and com- 


pares the values found to the internal security key lo- 
cated from 2020H through 202FH. Only when the val- 
ues exactly match will accesses to protected memory be 
allowed. The details of ROM/EPROM 
accessing are 


discussed in Section 10 of the Hardware Design chap- 
ter. 


This section provides information on writing programs 
to execute in the 8096BH. Additional information can 
be found in the following documents: 


MCS@-96 MACRO ASSEMBLER 
USER'S GUIDE 
Order Number 186 ASM 96 (Intel Systems) 
Order Number D86 ASM 96NL (DOS Systems) 


C·96 USER'S GUIDE 
Order Number D86 C96NL (DOS Systems) 


PL/M·96 
USER'S GUIDE 
Order Number 186 PLM 96 (Intel Systems) 
Order Number D86 PLM 96NL (DOS Systems) 


Throughout this section, short sections of code are used 
to illustrate the operation of the device. For these sec- 
tions it has been assumed that a set of temporary regis- 
ters have been predeclared. The names of these registers 
have been chosen as follows: 
AX, BX, CX, and DX are l6-bit registers. 
AL is the low byte of AX, AH is the high byte. 
BL is the low byte of BX 
CL is the low byte of CX 
DL is the low byte of DX 


These are the same as the names for the general data 
registers used in the 8086 (80186). It is important to 
note, however, that in the 8096BH, these are not dedi- 
cated registers but merely the symbolic names assigned 
by the programmer to an eight byte region within the 
onboard register file. 


The MCS@-96architecture provides support for a vari- 
ety of data types which are likely to be useful in a con- 
trol application. 
In the discussion of these operand 


types that follows, the names adopted by the PLM-96 
programming language will be used where appropriate. 
To avoid confusion, the name of an operand type will 
be capitalized. A "BYTE" is an unsigned eight bit vari- 
able; a "byte" is an eight bit unit of data of any.type. 


BYTES are unsigned 8-bit variables which can take on 
the values between 0 and 255. Arithmetic and relational 
operators can be applied to BYTE operands but the 


result must be interpreted in modulo 256 arithmetic. 
Logical operations on BYTES are applied bitwise. Bits 
within BYTES are labeled from 0 to 7, with 0 being the 
least significant bit. There are no alignment restrictions 
for BYTES, so they may be placed anywhere in the 
MCS-96 address space. 


WORDS are unsigned l6-bit variables which can take 
on the values between 0 and 65535. Arithmetic 
and 


relational operators can be applied to WORD operands 
but the result must be interpreted modulo 65536. Logi- 
cal operations on WORDS are applied bitwise. Bits 
within words are labeled from 0 to 15 with 0 being the 
least significant bit. WORDS must be aligned at even 
byte boundaries in the MCS-96 address space. The least 
significant byte of the WORD is in the even byte ad- 
dress and the most significant byte is in the next higher 
(odd) address. The address of a word is the address of 
its least significant byte. Word operations to odd ad- 
dresses are not guaranteed to operate in a consistent 
manner. 


SHORT-INTEGERS 
are 8-bit signed variables which 


can take on the values between 
-128 
and + 127. 


Arithmetic operations which generate results outside of 
the range of a SHORT-INTEGER 
will set the overflow 


indicators in the program status word. The actual nu- 
meric result returned will be the same as the equivalent 
operation on BYTE variables. There are no alignment 
restrictions on SHORT-INTEGERS 
so they may be 


placed anywhere in the MCS~96 address space. 


INTEGERS are l6-bit signed variables which can take 
on the values between - 32,768 and 32,767. Arithmetic 
operations which generate results outside of the range 
of an INTEGER will set the overflow indicators in the 
program status word. The actual numeric result re- 
turned will be the same as the equivalent operation on 
WORD variables. INTEGERS 
conform to the same 
alignment and addressing rules as do WORDS. 


BITS are single-bit operands which can take on the 
Boolean values of true and false. In addition to the nor- 
mal support 
for bits as components 
of BYTE and 


WORD operands, the 8096 provides for the direct test- 
ing of any bit in the internal register file. The MCS-96 
architecture requires that bits be addressed as compo- 
nents of BYTES or WORDS, it does not support the 
direct addressing of bits that can occur in the MCS-5l 
architecture. 
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DOUBLE-WORDS 
are 
unsigned 
32-bit 
variables 
which 
can 
take 
on 
the 
values 
between 
0 
and 
4,294,967,295. The MCS-96 architecture provides di- 
rect support for this operand type only for shifts and as 
the dividend in a 32 by 16 divide and the product of a 
16 by 16 multiply. For these operations a DOUBLE- 
WORD variable must reside in the on-board register 
file of the 8096 and be aligned at an address which is 
evenly divisible by 4. A DOUBLE-WORD 
operand is 
addressed by the address of its least significant byte. 
DOUBLE-WORD 
operations which are not directly 
supported can be easily implemented with two WORD 
operations. For consistency with Intel provided soft- 
ware the user should adopt the conventions for address- 
ing DOUBLE-WORD operands which are discussed in 
Section 3.5. 


Operands are accessed within the address space of the 
8096 with one of six basic addressing modes. Some of 
the details of how these addressing modes work are 
hidden by the assembly language. If the programmer is 
to take full advantage of the architecture, it is impor- 
tant that these details be understood. This section will 
describe the addressing modes as they are handled by 
the hardware. At the end of this section the addressing 


The register-direct mode is used to directly access a 
register from the 256 byte on-board register file. The 
register is selected by an 8-bit field within the instruc- 
tion and register address and must conform to the 


LONG-INTEGERS 
are 32-bit signed variables which 


can take on the values between -2,147,483,648 
and 


2,147,483,647. The MCS-96 architecture provides di- 
rect support for this data type only for shifts and as the 
dividend in a 32 by 16divide and the product of a 16by 
16 multiply. 


LONG-INTEGERS 
can also be normalized. For these 


operations a LONG-INTEGER 
variable must reside in 


the onboard register me of the 8096 and be aligned at 
an address which is evenly divisible by 4. A LONG-IN- 
TEGER is addressed by the address of its least signifi- 
cant byte. 


LONG-INTEGER 
operations which are not directly 


supported can be easily implemented with two INTE- 
GER operations. For consistency with Intel provided 
software, the user should adopt the conventions for ad- 
dressing LONG operands which are discussed in Sec- 
tion 3.5. 


modes will be described as they are seen through the 
assembly language. The six basic address modes which 
will be described are termed register-direct, indirect, in- 
direct with auto-increment, immediate, short-indexed, 
and long-indexed. Several other useful addressing oper- 
ations can be achieved by combining these basic ad- 
dressing modes with specific registers such as the 
ZERO register or the stack pointer. 


alignment rules for the operand type. Depending on the 
instruction, up to three registers can take part in the 
calculation. 


Examples 
ADD 
AX,BX,CX 
MUL 
AX,BX 
INCB 
CL 


AX:=BX+CX 
AX:=AX*BX 
CL:=CL+l 


The indirect mode is used to access an operand by plac- 
ing its address in a WORD variable in the register file. 
The calculated address must conform to the alignment 
rules for the operand type. Note that the indirect ad- 
dress can refer to an operand anywhere within the ad- 
dress space of the 8096, including the register file. The 


register which contains the indirect address is selected 
by an eight bit field within the instruction. An instruc- 
tion can contain only one indirect reference and the 
remaining operands of the instruction (if any) must be 
register-direct references. 


Examples 
LD 
AX, [AX] 
ADDB 
AL,BL,[CX] 
POP 
[AX] 


AX:=MEM_WORD(AX) 
AL:=BL+MEM_BYTE(CX) 
MEM_WORD(AX) :=MEM_WORD(SP) 
SP:=SP+2 


inter 


This addressing mode is the same as the indirect mode 
except that the WORD variable which contains the in- 
direct address is incremented after it is used to address 
the operand. If the instruction operates on BYTES or 


SHORT-INTEGERS the indirect address variable will 
be incremented by one, if the instruction operates on 
WORDS or INTEGERS the indirect address variable 
will be incremented by two. 


Examples 
LD 
AX,[BX]+ 
ADDB 
AL,BL,[CX]+ 
PUSH 
[AX]+ 


AX:=MEM_WORD(BX) ; BX:=BX+2 
AL:=BL+MEM_BYTE(CX) ; CX:=CX+1 
SP:=SP-2 ; 
MEM_WORD(SP) :=MEM_WORD(AX) 
AX:=AX+2 


This addressing mode allows an operand to be taken 
directly from a field in the instruction. For operations 
on BYTE or SHORT-INTEGER operands this field is 
eight bits wide, for operations on WORD or INTE- 


GER operands the field is 16bits wide. An instruction 
can contain only one immediate reference and the re- 
maining operand(s) must be register-direct references. 


Examples 
ADD 
AX,#340 
PUSH #1234H 
DIVB AX,#lO 


AX:=AX+340 
SP:=SP-2; MEM_WORD(SP) :=1234H 
AL:=AX/10; 
AH:=AX MOD 10 


In this addressing mode an eight bit field in the instruc- 
tion selects a WORD variable in the register file which 
is assumed to contain an address. A second eight bit 
field in the instruction stream is sign-extended and 
summed with the WORD variable to form the address 
of the operand which will take part in the calculation. 


Since the eight bit field is sign-extended, the effective 
address can be up to 128bytes before the address in the 
WORD variable and up to 127 bytes after it. An in- 
struction can contain only one short-indexed reference 
and the remaining operand(s) must be register-direct 
references. 


Examples 
LD 
AX,12[BX] 
MULB 
AX,BL,3[CX] 
AX:=MEM_WORD(BX+12) 
AX:=BL*MEM_BYTE(CX+3) 


This addressing mode is like the short-indexed mode 
except that a 16-bit field is taken from the instruction 
and added to the WORD variable to form the address 
of the operand. No sign extension is necessary. An in- 


struction can contain only one long-indexed reference 
and the remaining operand(s) must be register-direct 
references. 


Examples 
AND 
AX,BX,TABLE[CX] 
ST 
AX,TABLE[BX] 
ADDB AL,BL,LOOKUP[CX] 


AX:=BX AND MEM_WORD(TABLE+CX} 
MEM_WORD(TABLE+BX) :=AX 
AL:=BL+MEM_BYTE(LOOKUP+CX) 


intJ 


The first two bytes in the register file are fixed at zero 
by the 8096 hardware. In addition to providing a fixed 
source of the constant zero for calculations and com- 
parisons, this register can be used as the WORD vari- 


able in a long-indexed reference. This combination of 
register selection and address mode allows any location 
in memory to be addressed directly. 


Examples 
ADD 
AX,1234[0] 
POP 
5678[0] 
AX:=AX+MEM_WORD(1234) 
MEM_WORD(5678) :=MEM_WORD(SP) 
SP:=SP+2 


The system stack pointer in the 8096BH can be ac- 
cessed as register 18H of the internal register file. In 
addition to providing for convenient manipulation of 
the stack pointer, this also facilitates the accessing of 
operands in the stack. The top of the stack, for exam- 


pIe, can be accessed by using the stack pointer as the 
WORD variable in an indirect reference. In a similar 
fashion, the stack pointer can be used in the short-in- 
dexed mode to access data within the stack. 


Examples 
PUSH 
[SP] 
LD 
AX,2[SP] 
DUPLICATE TOP_OF_STACK 
AX:=NEXT_TO_TOP 


The 8096BH assembly language simplifies the choice of 
addressing modes to be used in several respects: 


Direct Addressing. The assembly language will choose 
between register-direct 
addressing and long-indexed 


with the ZERO register depending on where the oper- 
and is in memory. The user can simply refer to an oper- 
and by its symbolic name; if the operand is in the regis- 
ter file, a register-direct reference will be used, if the 
operand is elsewhere in memory, a long-indexed refer- 
ence will be generated. 


Indexed 
Addressing. 
The 
assembly 
language 
will 


choose between short and long indexing depending on 
the value of the index expression. If the value can be 
expressed in eight bits then short indexing will be used, 
if it cannot be expressed in eight bits then long indexing 
will be used. 


The use of these features of the assembly language sim- 
plifies the programming task and should be used wher- 
ever possible. 
. 


The program status word (PSW) is a collection of Bool- 
ean flags which retain information concerning the state 
of the user's program. The format of the PSW is shown 
in Figure 16. The information in the PSW can be bro- 
ken down into two basic categories; interrupt control 
and condition flags. The PSW can be saved in the sys- 
tem stack with a single operation (PUSHF) and re- 
stored in a like manner (POPF). 


< Interrupt 
Mask Reg> 


Figure 16. PSW Register 
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The lower eight bits of the PSW are used to individual- 
ly mask the various sources of interrupt to the 8096. A 
logical 'I' in these bit positions enables the servicing of 
the corresponding interrupt. 
These mask bits can be 
accessed as an eight bit byte (lNT_MASK-address 
8) in the on-board register file. Bit 9 in the PSW is the 
global interrupt disable. If this bit is cleared then all 
interrupts will be locked out except for the Non Maska- 
ble Interrupt (NMI). Note that the various interrupts 
are collected in the INT_PENDING 
register even if 
they are locked out. Execution of the corresponding 
service routines will procede according to their priority 
when they become enabled. Further information on the 
interrupt structure of the 8096 can be found in Section 4. 


The remaining bits in the PSW are set as side effects of 
instruction execution and can be tested by the condi- 
tional jump instructions. 


Z. The Z (Zero) flag is set to indicate that the operation 
generated a result equal to zero. For the add-with-carry 
(ADDC) and subtract-with-borrow (SUBC) operations 
the Z flag is cleared if the result is non-zero but is never 
set. These two instructions are normally used in con- 
junction with the ADD and SUB instructions to per- 
form multiple precision arithmetic. The operation of 
the Z flag for these instructions leaves it indicating the 
proper result for the entire multiple precision calcula- 
tion. 


N. The N (Negative) flag is set to indicate that the 
operation generated a negative result. Note that the N 
flag will be set to the algebraically correct state even if 
the calculation overflows. 


V. The V (overflow) flag is set to indicate that the oper- 
ation generated a result which is outside the range that 
can be expressed in the destination data type. For the 
SHL, SHLB and SHLL instructions, the V flag will be 
set if the most significant bit of the operand changes at 
any time during the shift. 


VT. The VT (oVerflow Trap) flag is set whenever the V 
flag is set but can only be cleared by an instruction 
which explicitly operates on it such as the CLRVT or 
JVT instructions. The operation of the VT flag allows 
for the testing for a possible overflow condition at the 
end of a sequence of related arithmetic operations. This 
is normally more efficient than testing the V flag after 
each instruction. 


C. The C (Carry) flag is set to indicate the state of the 
arithmetic carry from the most significant bit of the 
ALU for an arithmetic operation or the state of the last 
bit shifted out of the operand for a shift. Arithmetic 
Borrow after a subtract operation is the complement of 
the C flag (i.e. if the operation generated a borrow then 
C = 0). 


ST. The ST (STicky bit) flag is set to indicate that dur- 
ing a right shift a I has been shifted first into the C flag 
and then been shifted out. The ST flag is undefined 
after a multiply operation. The ST flag can be used 
along with the C flag to control rounding after a right 
shift. Consider multiplying two eight bit quantities and 
then scaling the result down to 12 bits: 


MULUB 
SHR 
AX,CL,DL 
AX,#4 


;AX:=CL*DL 
;Shift 
right 
4 places 


If the C flag is set after the shift, it indicates that the 
bits shifted off the end of the operand were greater-than 
or equal-to one half the least significant bit (LSB) of the 
result. If the C flag is clear after the shift, it indicates 
that the bits shifted off the end of the operand were less 
than half the LSB of the result. Without the ST flag, 
the rounding decision must be made on the basis of this 
information 
alone. (Normally 
the 
result 
would be 
rounded up if the C flag is set.) The ST flag allows a 
finer resolution in the rounding decision: 


CST 
Value of the Bits Shifted 
Off 


00 
Value = 0 


01 
o < Value < % LSB 


10 
Value = % LSB 


1 1 
Value> 
%LSB 


Imprecise rounding can be a major source of error in a 
numerical calculation; use of the ST flag improves the 
options available to the programmer. 


The MCS-96 instruction set contains a full set of arith- 
metic and logical operations for the 8-bit data types 
BYTE and SHORT INTEGER and for the l6-bit data 
types WORD and INTEGER. The DOUBLE-WORD 
and LONG data types (32 bits) are supported for the 
products of 16 by 16 multiplies and the dividends of 32 


by 16 divides and for shift operations. The remaining 
operations on 32·bit variables can be implemented by 
combinations of 16-bit operations. As an example the 
sequence: 


ADD 
ADDC 
AX,CX 
BX,DX 


SUB 
SUBC 
AX,CX 
BX,DX 


performs a 32-bit subtraction. Operations on REAL 
(i.e. floating point) variables are not supported directly 
by the hardware but are supported by the floating point 
library for the 8096BH (FPAL-96) which implements a 
single precision subset of the proposed IEEE standard 
for floating point operations. The performance of this 
software 
is significantly improved 
by the 
8096BH 


NORML instruction which normalizes a 32·bit vari- 
able and by the existence of the ST flag in the PSW. 


In addition to the operations on the various data types, 
the 8096BH supports conversions between these types. 
LDBZE (load byte zero extended) converts a BYTE to 


a WORD and LDBSE (load byte sign extended) con- 
verts 
a 
SHORT-INTEGER 
into 
an 
INTEGER. 


WORDS can be converted to DOUBLE-WORDS 
by 


simply clearing the upper WORD of the DOUBLE- 
WORD (CLR) and INTEGERS 
can be converted to 


LONGS with the EXT (sign extend) instruction. 


The MCS-96 instructions for addition, subtraction, and 
comparison do not distinguish between unsigned words 
and signed integers. Conditional jumps are provided to 
allow the user to treat the results of these operations as 
either signed or unsigned quantities. As an example, the 
CMPB (compare byte) instruction is used to compare 
both signed and unsigned eight bit quantities. A JH 
Gump if higher) could be used following the compare if 
unsigned operands were involved or a JGT (jump if 
greater-than) if signed operands were involved. 


Table 3 summarizeS the operation of each of the in- 
structions. Complete descriptions of each instruction 
and its timings can be found in the Instruction 
Set 


chapter. A summary of instruction opcodes and timing 
is included in the quick reference section at the end of 
this chapter. Examples of using the instruction set of 
the MCS-96 family can be found in the chapter, "Using 
the 8096", included in this handbook. 
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Mnemonic 
Oper- 
Operation 
(Note 
1) 
Flags 
Notes 
ands 
Z 
N 
C 
V 
VT 
ST 


ADD/ADDB 
2 
D+-D+A 
'" 
'" 
'" 
'" 
t 
- 


ADD/ADDB 
3 
D+-B+A 
'" 
'" 
'" 
'" 
t 
- 


ADDC/ADDCB 
2 
D+-D+A+C 
-!- 
'" 
'" 
'" 
t 
- 
SUB/SUBB 
2 
D+-D-A 
'" 
'" 
'" 
'" 
t 
- 


SUB/SUBB 
3 
D+-B-A 
'" 
'" 
'" 
'" 
t 
- 


SUBC/SUBCB 
2 
D+-D-A+C-1 
-!- 
'" 
'" 
'" 
t 
- 


CMP/CMPB 
2 
D-A 
'" 
'" 
'" 
'" 
t 
- 
MULIMULU 
2 
0,0 + 2 +- 
DOA 
- 
- 
- 
- 
- 
? 
2 


MULIMULU 
3 
D,D + 2 +- 
BOA 
- 
- 
- 
- - 
? 
2 


MULB/MULUB 
2 
0, D + 1 +- 
DOA 
- - 
- 
- - 
? 
3 


MULB/MULUB 
3 
0, D + 1 +- 
BOA 
- - 
- 
- - 
? 
3 


DIVU 
2 
o +- 
(0,0 + 2)/A, 0 + 2 
+- 
remainder 
- 
- 
- 
'" 
t 
- 
2 


DIVUB 
2 
D +- 
(D,D + 1)/A, 0 + 1 
+- 
remainder 
- 
- 
- 
'" 
t 
- 
3 


DIV 
2 
D +- 
(0, D + 2)/A, 0 + 2 
+- 
remainder 
- - 
- 
? 
t 
- 
DIVB 
2 
o +- 
(0, D + 1)/A, 0 + 1 
+- 
remainder 
- - 
- 
? 
t 
- 
AND/ANDB 
2 
o +- 
DandA 
'" 
'" 
0 
0 
- 
- 
AND/ANDB 
3 
D +- 
BandA 
'" 
'" 
0 
0 
- 
- 
OR/ORB 
2 
o +- 
DorA 
'" 
'" 
0 
0 
- 
- 
XOR/XORB 
2 
o +- o (excl.or) A 
'" 
'" 
0 
0 
- 
- 


LD/LDB 
2 
D+-A 
- 
- 
- 
- 
- 
- 
ST/STB 
2 
A+-D 
- 
- 
- 
- 
- 
- 
LDBSE 
2 
D+-A;D+1 
+- 
SIGN(A) 
- 
- 
- 
- 
- 
- 
3,4 


LDBZE 
2 
D+-A;D+1 
+-0 
- 
- 
- 
- 
- 
- 
3,4 


PUSH 
1 
SP +- 
SP - 2; (SP) +- 
A 
- 
- 
- 
- 
- 
- 
POP 
1 
A +- 
(SP);SP +- 
SP + 2 
- 
- - 
- 
- 
- 
PUSHF 
0 
SP +- 
SP - 2; (SP) +- 
PSW; 
0 
0 
0 
0 
0 
0 
PSW +- 
OOOOH 
I+-O 


POPF 
0 
PSW +- 
(SP);SP +- 
SP + 2; 
I+-'" 
'" 
'" 
'" 
'" 
'" 
'" 
SJMP 
1 
PC +- 
PC + 11-bitoffset 
- 
- 
- 
- 
- 
- 
5 


LJMP 
1 
PC +- 
PC + 16-bitoffset 
- 
- 
- 
- 
- 
- 
5 
BR [indirect] 
1 
PC +- 
(A) 
- 
- 
- 
- 
- 
- 
SCALL 
1 
SP +- 
SP - 2; (SP) +- 
PC; 
- 
- 
- 
- 
- 
- 
5 
PC +- 
PC + 11-bitoffset 


LCALL 
1 
SP +- 
SP - 2; (SP) +- 
PC; 
- 
- 
- 
- 
- 
- 
5 
PC +- 
PC + 16-bitoffset 


RET 
0 
PC +- 
(SP);SP +- 
SP + 2 
- 
- - 
- 
- 
- 
J (conditional) 
1 
PC +- 
PC + 8-bitoffset (il taken) 
- 
- 
- 
- 
- 
- 
5 
JC 
1 
Jump ilC = 1 
- - - 
- 
- 
- 
5 
JNC 
1 
Jump ilC = 0 
- 
- 
- 
- 
- 
- 
5 
JE 
1 
JumpilZ = 1 
- - 
- 
- 
- 
- 
5 


NOTES: 
1. II the mnemonicends in "B", a byte operation is performed,otherwise a word operation is done. Operands 0, B, and A 
must conlorm to the alignment rules for the required operand type. D and B are locations in the register file; A can be 
located anywherein memory. 
2. D, D + 2 are consecutiveWORDSin memory;D is DOUBLE-WORDaligned. 
3. 0, 0 + 1 are consecutive BYTESin memory;0 is WORD aligned. 
4. Changesa byte to a word. 
5. Offset is a 2's complementnumber. 
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Mnemonic 
Oper- 
Operation 
(Note 
1) 
Flags 
Notes 
ands 
Z 
N 
C 
V 
VT 
ST 


JNE 
1 
JumpifZ = 0 
- 
- 
- 
- 
- 
- 
5 


JGE 
1 
Jump ifN = 0 
- - - - 
- 
- 
5 


JLT 
1 
JumpifN = 1 
- 
- - - 
- 
- 
5 


JGT 
1 
Jump if N = 0 and Z = 0 
- - - - 
- 
- 
5 


JLE 
1 
Jump if N = 1 orZ = 1 
- - 
- - - 
- 
5 


JH 
1 
JumpifC = 1 andZ = 0 
- - - - - - 
5 


JNH 
1 
Jump if C = 0 or Z = 1 
- - 
- - - 
- 
5 


JV 
1 
Jump if V = 1 
- 
- 
- - - 
- 
5 


JNV 
1 
Jump if V = 0 
- - 
- - 
- 
- 
5 


JVT 
1 
Jump if VT = 1; Clear VT 
- - - - 
0 
- 
5 


JNVT 
1 
Jump if VT = 0; Clear VT 
- - - - 
0 
- 
5 


JST 
1 
JumpifST = 1 
- - - - - 
- 
5 


JNST 
1 
JumpifST = 0 
- - - - - 
- 
5 


JBS 
3 
Jump if Specified Bit = 1 
- - - 
- 
- 
- 
5,6 


JBC 
3 
Jump if Specified Bit = 0 
- - - 
- 
- 
- 
5,6 


DJNZ 
1 
D - 
D - 1; if D oF 0 then 
PC - 
PC + 8-bit offset 
- - - 
- 
- 
- 
5 


DEC/DECB 
1 
D-D-1 
"" 
"" 
"" 
"" 
i 
- 
NEG/NEGB 
1 
D-O-D 
"" 
"" 
"" 
"" 
i 
- 
INC/INCB 
1 
D - 
D+ 
1 
"" 
"" 
"" 
"" 
i 
- 
EXT 
1 
D - 
D; D + 2 - 
Sign (D) 
"" 
"" 
0 
0 
- 
- 
2 


EXTB 
1 
D - 
D; D + 1 - 
Sign(D) 
"" 
"" 
0 
0 
- 
- 
3 


NOT/NOTB 
1 
D - 
Logical Not (D) 
"" 
"" 
0 
0 
- 
- 
CLR/CLRB 
1 
D-O 
1 
0 
0 
0 
- 
- 
SHLlSHLB/SHLL 
2 
C - 
msb-----Isb 
- 
0 
"" 
? 
"" 
"" 
i 
- 
7 


SHRISHRB/SHRL 
2 
0-+ 
msb-----Isb 
-+ 
C 
"" 
? 
"" 
0 
- 
"" 
7 
SHRA/SHRAB/SHRAL 
2 
msb -+ 
msb-----Isb 
-+ 
C 


"" 
"" 
"" 
0 
- 
"" 
7 


SETC 
0 
C-1 
- 
- 
1 
- 
- - 
CLRC 
0 
C-O 
- - 
0 - - 
- 
CLRVT 
0 
VT - 
0 
- 
- 
- - 
0 
- 
RST 
0 
PC - 
2080H 
0 
0 
0 
0 
0 
0 
8 
DI 
0 
Disable All Interrupts (I - 
0) 
- 
- 
- 
- 
- 
- 
EI 
0 
Enable All Interrupts (I - 
1) 
- 
- 
- 
- 
- 
- 
NOP 
0 
PC-PC+1 
- - - 
- 
- 
- 
SKIP 
0 
PC-PC+2 
- - - 
- 
- 
- 
NORML 
2 
Left shift till msb = 1; D - 
shift count 
"" 
? 
0 - - 
- 
7 
TRAP 
0 
SP - 
SP - 2; (SP) - 
PC 
PC - 
(2010H) 
- 
- 
- - 
- 
- 
9 


NOTES: 
1. If the mnemonic ends in "B", a byte operation is performed, otherwise a word operation is done. Operands D, B and A 
must conform to the alignment rules for the required operand type. D and B are locations in the register file; A can be 
located anywhere in memory. 
5. Offset is a 2's complement number. 
6. Specified bit is one of the 2048 bits in the register file. 
7. The "L" (Long) suffix indicates double-word operation. 
8. Initiates a Reset by pulling RESET low. Software should re-initialize all the necessary registers with code starting at 
2080H. 
9. The assembler will not accept this mnemonic. 
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3.5 Software 
Standards 
and 
Conventions 


For a software project of any size it is a good idea to 
modularize the program 
and to establish standards 
which control the communication between these mod- 
ules. The nature of these standards will vary with the 
needs of the final application. A common component of 
all of these standards, however, must be the mechanism 
for passing parameters to procedures and returning re- 
sults from procedures. In the absence of some overrid- 
ing consideration which prevents their use, it is suggest- 
ed that the user conform to the conventions adopted by 
the PLM-96 programming language for procedure link- 
age. It is a very usable standard for both the assembly 
language and PLM-96 environment and it offers com- 
patibility between these environments. Another advan- 
tage is that it allows the user access to the same floating 
point arithmetics library that PLM-96 uses to operate 
on REAL variables. 


The MCS-96 architecture provides a 256 byte register 
file. Some of these registers are used to control register- 
mapped I/O devices and for other special functions 
such as the ZERO register and the stack pointer. The 
remaining bytes in the register file, some 230 of them, 
are available for allocation by the programmer. If these 
registers are to be used effectively, some overall strategy 
for their allocation must be adopted. PLM-96 adopts 
the simple and effective strategy of allocating the eight 
bytes between addresses ICH and 23H as temporary 
storage. The starting address of this region is called 
PLMREG. 
The remaining area in the register file is 
treated as a segment of memory which is allocated as 
required. 


These operands are formed from two adjacent 16-bit 
words in memory. The least significant word of the 
double word is always in lower address, even when the 
data is in the stack (which means that the most sig- 
nificant word must be pushed into the stack first). A 
double word is addressed by the address of its least 
significant byte. Note that the hardware supports some 
operations on double words (e.g. normalize and divide). 
For these operations the double word must be in the 
internal register file and must have an address which is 
evenly divisible by four. 


Parameters are passed to subroutines in the stack. Pa- 
rameters are pushed into the stack in the order that 
they are encountered in the scanning of the source text. 
Eight-bit 
parameters 
(BYTES 
or 
SHORT-INTE- 
GERS) are pushed into the stack with the high order 


byte undefined. Thirty-two 
bit parameters 
(LONG- 
INTEGERS, 
DOUBLE-WORDS, 
and REALS) 
are 
pushed into the stack as two 16-bit values; the most 
significant half of the parameter 
is pushed into the 
stack first. 


As an example, consider the following PLM-96 proce- 
dure: 


example_procedure: 
PROCEDURE 
(param l,param2,param3); 
DECLARE 
paraml BYTE, 
param2 DWORD, 
param3 WORD; 


When this procedure is entered at run time the stack 
will contain the parameters in the following order: 


?????? : param1 


high word of param2 


low word of param2 


param3 


return address 
+- Stacie-pointer 


Figure 18. Stack Image 


If a procedure returns a value to the calling code (as 
opposed to modifying more global variables) then the 
result is returned in the variable PLMREG. PLMREG 
is viewed as either an 8-, 16- or 32-bit variable depend- 
ing on the type of the procedure. 


The standard calling convention adopted by PLM-96 
has several key features: 
a) Procedures can always assume that the eight bytes of 
register file memory starting at PLMREG 
can be 
used as temporaries within the body of the proce- 
dure. 
b) Code which calls a procedure must assume that the 
eight bytes of register 
file memory 
starting 
at 
PLMREG are modified by the procedure. 
c) The Program Status Word (PSW-see 
Section 3.3) is 
not saved and restored by procedures so the calling 
code must assume that the condition flags (Z, N, Y, 
YT, C, and ST) are modified by the procedure. 
d) Function 
results from procedures 
are always re- 
turned in the variable PLMREG. 


PLM-96 allows the definition of INTERRUPT 
proce- 
dures which are executed when a: predefined interrupt 
occurs. These procedures do not conform to the rules of 
a normal procedure. Parameters cannot be passed to 
these procedures and they cannot return results. Since 
they can execute essentially at any time (hence the term 
interrupt), these procedures must save the PSW and 
PLMREG when they are entered and restore these val- 
ues before they exit. 
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There are 21 sources of interrupts 
on the 8096BH. 


These sources are gathered into 8 interrupt types as 
indicated in Figure 19. The I/O control registers which 
control some of the sources are indicated in the figure. 
Each of the eight types of interrupts has its own inter- 
rupt vector as listed in Figure 20. In addition to the 8 
standard interrupts, there is a TRAP instruction which 
acts as a software generated interrupt. This instruction 
is not currently supported by the MCS-96 Assembler 
and is reserved for use in Intel development systems. 


The programmer must initialize the interrupt vector ta- 
ble with the starting address of the appropriate inter- 
rupt service routine. It is suggested that any unused 
interrupts be vectored to an error handling routine. The 
error routine should contain recovery code that will not 
further corrupt an already erroneous situation. In a de- 
bug environment, it may be desirable to have the rou- 
tine lock into a jump to self loop which would be easily 
traceable with emulation tools. More sophisticated rou- 
tines may be appropriate for production code recover- 
ies. 


Three registers control the operation of the interrupt 
system: Interrupt 
Pending, Interrupt 
Mask, and the 


PSW which contains a global disable bit. A block dia- 
gram of the system is shown in Figure 21. The tran- 
sition detector looks for 0 to 1 transitions on any of the 
sources. External sources have a maximum transition 
speed of one edge every state time. If this is exceeded 
the interrupt may not be detected. 


Vector Location 
Vector 
(High 
(Low 
Priority 


Byte) 
Byte) 


Software 
2011H 
2010H 
Not Applicable 


Extint 
200FH 
200EH 
7 (Highest) 


Serial Port 
200DH 
200CH 
6 
Software 
200BH 
200AH 
5 


Timers 
HSI.O 
2009H 
2008H 
4 


High Speed 
2007H 
2006H 
3 


Outputs 
HSI Data 
2005H 
2004H 
2 


Available 
AID 
Conversion 
2003H 
2002H 
1 


Complete 
Timer Overflow 
2001H 
2000H 
o (Lowest) 


r--- K>C1.1 


EXTINT~~-------ExnNT 
ACH.7 _ 


n FLAG-=-:J-~-------SERIAL 
PORT 


RIFLAG 
r--- HSO_COMMAND.4 


SOFTWAREnMER o~~ 
SOFTWARETIMER1 
SOFTWAREnMER 2 
SOFTWARETIMER3 
RESETnMER 2' 


STARTAIDCONVERSlOfr 
H51.0----------HSI.D 


F1FOISFULL~ 
HOLDINGREGISTERLOADED_ 
HSIDATAAVAILABLE 


~ 


--IOC1.2 


nMER1 OVERFLOW---0 
.,,---~--nMER 
OVERFLOW 


nMER2 OVERFLOW---0 
l'<. __ ----J 
L-1OC1.3 


NOTE: 
'Only 
when 
initiated 
by the HSO unit. 
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EXTINT 


7 


TIMER 


OVERFLOW 
o 
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When the hardware detects one of the eight interrupts 
it sets the corresponding bit in the pending interrupt 
register (lNT_PENDING-09H). 
When the interrupt 


vector is taken, t:qepending bit is cleared. This register, 
the format of which is shown in Figure 22, can be read 
or modified as a byte register. It can be read to deter- 
mine which of the interrupts are pending at any given 
time or modified to either clear pending interrupts or 
generate interrupts under software control. Any soft- 
ware which modifies the INT_PENDING 
register 


should ensure that the entire operation is indivisible. 
The easiest way to do this is to use the logical instruc- 
tions in the two or three operand forinat, for example: 


ANDB 
INT_PENDING.#llllllOlB 


; Clears the AID 
Interrupt 


ORB 
INT_PENDING.#OOOOOOlOB 


; Sets the AID 
Interrupt 


Caution must be used when writing to the pending reg- 
i$ter to clear interrupts. 
If the interrupt has already 


been acknowledged when the bit is cleared, a 4 state 
time "partial" 
interrupt cycle will occur. This is be- 


cause the 8096BH will have to fetch the next instruc- 
tion of the normal instruction flow, instead of proceed- 
ing with the interrupt processing as it was going to. The 
effect on the program will be essentially that of an extra 
NOP. This can be prevented by clearing the bits using a 
2 operand immediate logical, as the 8096BH holds off 
acknowledging interrupts during these "read/modify/ 
write" instructions. 


(LOCATION 09H) 


~ 
III 
I 
I ~ :'~~:~~?~" 
HSO EVENT 
HSI BIT 0 
SOFlWARE TIMERS 
"---------SERIAL 
I/O 


'----------- 
EXTERNALINTERRUPT 
270250-19 


Individual interrupts can be enabled or disabled by set- 
ting or clearing bits in the interrupt 
mask register 


(INT_MASK-08H). 
The format of this register is the 


same as that of the Interrupt Pending Register shown 
in Figure 22. 


The INT _MASK 
register can be read or written as 


byte register. A one in any bit position will enable the 
corresponding interrupt source and a zero will disable 
the source. The hardware will save any interrupts that 
occur by setting bits in the pending register, even if the 
interrupt mask bit is cleared. The INT_MASK 
regis- 


ter also can be accessed as the lower eight bits of the 
PSW so the PUSHF and POPF instructions save and 
restore the INT_MASK 
register as well as the global 


interrupt lockout and the arithmetic flags. 


The processing of all interrupts 
can be disabled by 


clearing the I bit in the PSW. Setting the I bit will 
enable interrupts that have mask register bits which are 
set. The I bit is controlled by the EI (Enable Interrupts) 
and DI (Disable Interrupts) instructions. Note that the 
I bit only controls the actual servicing of interrupts. 
Interrupts that occur during periods of lockout will be 
held in the pending register and serviced on a priori- 
tized basis when the lockout period ends. 


The priority encoder looks at all of the interrupts which 
are both pending and enabled, and selects the one with 
the highest priority. The priorities are shown in Figure 
20 (7 is highest, 0 is lowest). The interrupt generator 
then forces a call to the location in the indicated vector 
location. This location would be the starting location of 
the Interrupt Service Routine (ISR). 


This priority selection controls the order in which 
pending interrupts are passed to the software via inter- 
rupt calls. The software can then implement its own 
priority 
structure 
by controlling 
the mask register 


(lNT_MASK). 
To see how this is done, consider the 


case of a serial I/O service routine which must run at a 
priority level which is lower than the HSI data avail- 
able interrupt but higher than any other source. The 
"preamble" and exit code for this interrupt service rou- 
tine would look like this: 


serial_io_isr: 
PUSHF 


LDB 
EI 


Save the PSW 
(Includes INT_MASK) 


INT_MASK.#OOOOOlOOB 
; Enable 
interrupts 
again 


POPF 
RET 


Note that location 200cH in the interrupt vector table 
would have to be loaded with the value of the label 
seriaLio_isr 
and the interrupt 
be enabled for this 
routine to execute. 


There is an interesting chain of instruction side-effects 
which makes this (or any other) 8096 interrupt service 
routine execute properly: 
a) After the hardware decides to process an interrupt, it 
generates and executes a special interrupt-call 
in- 
struction, which pushes the current program counter 
onto the stack and then loads the program counter 
with the contents of the vector table entry corre- 
sponding to the interrupt. The hardware will not al- 
low another interrupt to be serviced immediately fol- 
lowing the interrupt-call. This guarantees that once 
the interrupt-call starts, the first instruction of the 
interrupt service routine will execute. 
b) The PUSHF instruction, which is now guaranteed to 
execute, saves the PSW in the stack and then clears 
the PSW. The PSW contains, in addition to the 
arithmetic flags, the INT_MASK 
register and the 
global disable flag (I). The hardware will not allow 
an interrupt following a PUSHF instruction and, by 
the time the LD instruction starts, all of the inter- 
rupt enable flags will be cleared. Now there is guar- 
anteed execution of the LD INT_MASK 
instruc- 
tion. 
c) The LD INT_MASK 
instruction enables those in- 
terrupts that the programmer chooses to allow to 
interrupt the serial 110 interrupt service routine. In 
this example only the HSI data available interrupt 
will be allowed to do this but any interrupt or combi- 
nation of interrupts could be enabled at this point, 
even the serial interrupt. 
It is the loading of the 
INT_MASK 
register which allows the software to 
establish its own priorities for interrupt servicing in- 
dependently from those that the hardware enforces. 
d) The EI instruction reenables the processing of inter- 
rupts. 
e) The actual interrupt service routine executes within 
the priority structure established by the software. 


f) At the end of the service routine the POPF instruc- 
tion restores the PSW to its state when the interrupt- 
call occurred. The hardware will not allow interrupts 
to be processed following a POPF instruction so the 
execution of the last instruction (RET) is guaranteed 
before further interrupts can occur. The reason that 
this RET instruction must be protected in this fash- 
ion is that it is quite likely that the POPF instruction 
will reenable an interrupt which is already pending. 
If this interrupt were serviced before the RET in- 
struction, then the return address to the code that 
was executing when the original interrupt occurred 
would be left on the stack. While this does not pres- 
ent a problem to the program flow, it could result in 
a stack overflow if interrupts are occurring at a high 
frequency. 
The 
POPF 
instruction 
also pops the 


INT_MASK 
register (part of the PSW), so any 
changes made to this register during a routine which 
ends with a POPF will be lost. 


Notice that the "preamble" and exit code for the inter- 
rupt service routine does not include any code for sav- 
ing or restoring registers. This is because it has been 
assumed that the interrupt service routine has been al- 
located its own private set of registers from the on- 
board register file. The availability of some 230 bytes of 
register storage makes this quite practical. 


Interrupt 
service routines must share some data with 
other routines. Whenever the programmer 
is coding 
those sections of code which access these shared pieces 
of data, great care must be taken to ensure that the 
integrity of the data is maintained. Consider clearing a 
bit in the interrupt pending register as part of a non-in- 
terrupt routine: 


LDB 
ANDB 
STB 


AL.INT_PENDING 
AL.#b1t_mask 
AL.INLPENDING 


This code works if no other routines are operating con- 
currently, but will cause occasional but serious prob- 
lems if used in a concurrent environment. (All pro- 
grams which make use of interrupts must be considered 
to be part of a concurrent environment.) To demon- 
strate this problem, assume that the INT_PENDING 
register contains OOOOllllB and bit 3 (HSO event in- 
terrupt pending) is to be reset. The code does work for 
this data pattern but what happens if an HSI interrupt 
occurs somewhere between the LDB and the STB in- 
structions? Before the LDB instruction INT_PEND- 
ING contains OOOOllIlB and after the LDB instruc- 
tion so does AL. If the HSI interrupt service routine 
executes at this point then 
INT_PENDING 
will 
change to OOOOlOllB. The ANDB 
changes AL to 
0ססoo1 lIB and the STB changes INT_PENDING 
to 
0ססoo III B. It should be o00ooo II B. This code se- 
quence has manged to generate a false HSI interrupt 
The same basic process can generate an amazing assort- 
ment of problems and headaches. These problems can 
be avoided by assuring mutual exclusion which basical- 
ly means that if more than one routine can change a 
variable, then the programmer must ensure exclusive 
access to the variable during the entire operation on the 
variable. 


In many cases the instruction set of the 8096 allows the 
variable to be modified with a single instruction. The 
code in the above example can be implemented with a 
single instruction. 


Instructions are indivisible so mutual exclusion is en- 
sured in this case. Changes to the INT_PENDING 
register must be made as a single instruction, since bits 
can be changed in this register even if interrupts are 
disabled. Depending on system configurations, several 
other SFRs might also need to be changed in a single 
instruction for the same reason. 


When variables must be modified without interruption, 
and a single instruction can not be used, the program- 
mer must create what is termed a critical region in 
which it is safe to modify the variable. One way to do 
this is to simply disable interrupts with a DI instruc- 
tion, perform the modification, and then re-enable in- 
terrupts with an EI instruction. The problem with this 
approach is that it leaves the interrupts ~nabled even if 
they were not enabled at the start. A better solution is 
to enter the critical region with a PUSHF instruction 
which saves the PSW and also clears the interrupt en- 
able flags. The region can then be terminated with a 
POPF instruction which returns the interrupt enable to 
the state it was in before the code sequence. It should be 
noted that some system configurations might require 
more protection to form a critical region. An example 
is a system in which more than one processor has ac- 
cess to a common resource such as memory or external 
I/O devices. 


Interrupts are not always acknowledged immediately. 
If the interrupt signal does not occur prior to 4 state- 
times before the end of an instruction, the interrupt will 
not be acknowledged until after the next instruction has 
been executed. This is because an instruction is fetched 
and prepared for execution a few state times before it is 
actually executed. 


There are 6 instructions which always inhibit interrupts 
from being acknowledged until after the next instruc- 
tion has been executed. These instructions are: 
EI, DI 
- 
Enable and Disable Interrupts 


POPF, PUSHF- 
Pop and Push Flags 


SIGND 
- 
PrefIX to perform signed multiply 
and divide (Note that this is not an 
ASM-96 Mnemonic, but is used for 
signed multiply and divide) 


TRAP 
- 
Software interrupt 


When an interrupt 
is acknowledged, 
the interrupt 


pending bit is cleared, and a call is forced to the loca- 
tion indicated by the specified interrupt vector. This 
call occurs after the completion of the instruction in 
process, except as noted above. The procedure of get- 
ting the vector and forcing the call requires 21 state 
times. If the stack is in external RAM an additional 3 
state times are required. 


The maximum number of state times required from the 
time an interrupt is generated (not acknowledged) until 
.the 8096 begins executing code at the desired location is 
the time of the longest instruction, NORML (Normal- 
ize - 
42 state times), plus the 4 state times prior to the 


end of the previous instruction, plus the response time 
(21 to 24 state times). Therefore, the maximum re- 
sponse time is 70 (42 + 4 + 24) state times. This does 
not include the 12 state times required for PUSHF if it 
is used as the first instruction in the interrupt routine or 
additional 
latency 
caused by having the 
interrupt 


masked or disabled. Refer to Figure 22A, Interrupt Re- 
sponse Time, to visualize an example of a worst case 
scenario. 


..----42----.-·..-- 21---......--3--.....-12----- 


{ 
IFSTACK 'PUSHF't/WW{ 
2. 
EXTERNAL 
~ 


.JSET 
I, 
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Interrupt latency time can be reduced by careful selec- 
tion of instructions in areas of code where interrupts 
are expected. Using 'EI' followed immediately by a 
long instruction (e.g. MUL, NORML, 
etc.) will in- 


crease the maximum latency by 4 state times, as an 
interrupt cannot occur between EI and the instruction 
following EI. The ."01", 
"PUSHF", 
"POPF" 
and 


"TRAP" 
instructions will also cause the same situa- 


tion. Typically the PUSHF, POPF and TRAP instruc- 
tions would only effect latency when one interrupt 
routine is already in process, as these instructions are 
seldom used at other times. 


Two 16-bit timers are available for use on the 8096. The 
first is designated "Timer 1", the second, "Timer 2". 
Timer 1 is used to synchronize events to real time, 
while Timer 2 can be clocked externally and synchro- 
nizes events to external occurrences. 


Timer 1 is clocked once every eight state times and can 
be cleared only by executing a reset. The only other 
way to change its value is by writing to OOOCHbut this 
is a test mode which sets both timers to OFFFXH and 
should not be used in programs. 


Timer 2 can be incremented by transitions (one count 
each transition, rising and falling) on either T2CLK or 
HSI.1. The multiple functionality of the timer is deter- 
mined by the state of I/O Control Register 0, bit 7 
(IOCO.7). To ensure that all CAM entries are checked 
each count of Timer 2, the maximum transition speed is 
limited to once per eight state times. Timer 2 can be 
cleared by: executing a reset, by setting lOCO.1,by trig- 
gering HSO channel OEH, or by pulling T2RST or 
HSI.O high. The HSO and CAM are described in Sec- 
tion 7 and 8. IOCO.3 and ICOO.5 control the resetting 
of Timer 2. Figure 23 shows the different ways of ma- 
nipulating Timer 2. 


HSO#14 


IOCO.1 


T2 ClK-+ 
+-HSI.1 


- - - - -IOCO.7 


ClK 


Both Timer 1 and Timer 2 can be used to trigger a 
timer overflow interrupt and set a flag in the I/O Status 
Register 1 (IOSI). The interrupts 
are controlled by 


IOC1.2 and IOC1.3 respectively. The flags are set in 
IOS1.5 and IOS1.4, respectively. 


Caution must be used when examining the flags, as any 
access (including Compare and Jump on Bit) of 10Sl 
clears bits 0 through 5 including the software timer 
flags. It is, therefore, recommended to write the byte to 
a temporary register before testing bits. The general en- 
abling and disabling of the timer interrupts are con- 
trolled by the Interrupt Mask Register bit O.In all cas- 
es, setting a bit enables a function, while clearing a bit 
disables it. 


The High Speed I/O unit is coupled to the timers in 
that the HSI records the value on Timer I when tran- 
sitions occur and the HSO causes transitions to occur 
based on values of either Timer I or Timer 2. The baud 
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Timer 1. There are 4 lines (HSI.O through HSI.3) 
which can be used in this mode and up to a total of 8 
events can be recorded. HSI.2 and HSI.3 are bidirec- 
tional pins which can also be used as HSO.4 and 
HSO.5. The I/O Control Registers (lOCO and lOCI) 
are used to determine the functions of these pins. A 
block diagram of the HSI unit is shown in Figure 24. 


rate generator can use the T2CLK pin as input to its 
counter. a complete listing of the functions of 10SI, 
lOCO,and lOCI are in Section 11. 


The High Speed Input Unit (HSI), can be used to rec- 
ord the time at which an event occurs with respect to 


rlFo 
INTERRUPT 


& 
111TsljR I 
CONTROL LOGIC 


~OLO 
--I'LO"To 
HI 


--IHiOR LOl-- 
~ 
~ 
.nnnnnnnnr 
EVERY EIGHTH POSITIVE 
TRANSITION 
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There are 4 possible modes of operation for each of the 
HSI pins. The HSI mode register is used to control 
which pins will look for what type of events. The 8-bit 
register is set up as shown in Figure 25. 


High and low levels each need to be held for at least I 
state time to ensure proper operation. The maximum 
input speed is I event every 8 state times except when 
the 8 transition mode is used, in which case it is I 
transition per state time. The divide by eight counter 
can only be zeroed in mid-count by performing a hard- 
ware reset on the 8096BH. 


HSI.O MODE 


HSI.l MODE 


HSI.2 MODE 


HSI.3 MODE 


WHEREEACH2 - BIT MODECONTROLFIELD 
DEFINESONE OF 4 POSSIBLEMODES: 


00 
8 POSITIVETRANSITIONS 
01 
EACHPOSITIVETRANSITION 
10 
EACH NEGATIVETRANSITION 
11 
EVERYTRANSITION 
(POSITIVEAND NEGATIVE) 


The HSI lines can be individually enabled and disabled 
using bits in lOCO, at location 0015H. Figure 26 shows 
the bit locations which control the HSI pins. If the pin 
is disabled, transitions will not be entered in the FIFO. 


T2RST--0 
•_.IOCO.5 
I~ 
"'O-----T2 
RESET 
~- 
• _. IOCO.3 


• -- 
IOCO.O 


HSI.O 
J'o--------HSI 


• _. IOCO.2 
r'"-o--------HSI 


HSI.l ~--------TIMER2 
T2CLK --0 
:_.IOCO.7 
CLOCK 


; •• 
IOCO.4 


HSI.2--o~-------- 
HSI 


; _. IOCO.6 


HSI.3 --O~--------HSI 
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When an HSI event occurs, a 7X20 FIFO stores the 16 
bits of Timer 1 and the 4 bits indicating which pins had 
events. It can take up to 8 state times for this informa- 
tion to reach the holding register. For this reason, 8 
state times must be allowed between consecutive reads 
of HSI_TIME. 
When the FIFO is full, one additional 


event, for a total of 8 events, can be stored by consider- 
ing the holding register part of the FIFO. If the FIFO 
and holding register are full, any additional events will 
not be 'recorded. 


Interrupts can be generated by the HSI unit in three 
ways; two FIFO related interrupts and 0 to I tran- 
sitions on the HSI.O pin. The HSI.O pin can generate 
interrupts even if it is not enabled to the HSI FIFO. 
Interrupts generated by this pin cause a vector through 
location 2008H. The FIFO related interrupts are con- 
trolled by bit 7 ofi/O 
Control Register 1, (IOCI.7). If 


the bit is a 0, then an interrupt will be generated every 
time a value is loaded into the holding register. If it is a 
1, an interrupt will only be generated when the FIFO, 
(independent of the holding register), has six entries in 
it. Since all interrupts 
are rising edge triggered, if 


lOCI. 7 = 
1, the processor will not be re-interrupted 


until the FIFO first contains 5 or less records, then 
contains six or more. 


Bits 6 and 7 of the I/O Status register I (IOSl) indicate 
the status of the HSI FIFO. If bit 6 is a 1, the FIFO 
contains at least six entries. If bit 7 is a I, the FIFO 
contains at least I entry and the HSI holding register 
has data available to be read. The FIFO may be read 
after verifying that it contains valid data. Caution must 
be used when reading or testing bits in 10SI, as this 
action clears bits 0-5, including the software and hard- 
ware timer overflow flags. It is best to store the byte 
and then test the stored value. See Section II . 


Reading the HSI is done in two steps. First, the HSI 
Status register is read to obtain the current state of the 
HSI pins and which pins had changed at the recorded 
time. The format of the HSI_ST ATUS Register is 
shown in Figure 27. Second, the HSI Time register is 
read. Reading the Time register unloads one level of the 
FIFO, so if the Time register is read before the Status 
register, the event information in the Status register will 
be lost. The HSI Status register is at location 06H and 
the HSI Time registers are in locations Q4H and 05H. 


If the HSI_TIME 
register is read without the holding 


register being loaded, the returned value will be indeter- 
minate. Under the same conditions, the four bits in 
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HSI_STATUS 
indicating which events have occurred 
will also be indeterminate. 
The four HSI_ST ATUS 
bits which indicate the current state of the pins will 
always return the correct value. 


It should be noted that many of the Status register con- 
ditions are changed by a reset, see Section 13. A com- 
plete listing of the functions of IOS0, 10SI, and lOCI 
can be found in Section II. 


The High Speed Output unit, (HSO), is used to trigger 
events at specific times with minimal CPU overhead. 
These events include: starting an A to D conversion, 
resetting Timer 2, setting 4 software flags, and switch- 
ing 6 output lines (HSO.O through HSO.5). Up to eight 
events can be pending at one time and interrupts can be 
generated whenever any of these events are triggered. 
HSO.4 and HSO.5 are bidirectional pins which can also 
be used as HSI.2 and HSI.3 respectively. Bits 4 and 6 of 
I/O 
Control 
Register 
I, (IOC1.4, 
IOC1.6), enable 
HSO.4 and HSO.5 as outputs. 


The HSO unit can generate two types of interrupts. The 
HSO execution interrupt (vector = (2006H)) is gener- 
ated (if enabled) for HSO commands which operate one 
or more of the six output pins. The other HSO inter- 
rupt 
is 
the 
software 
timer 
interrupt 
(vector 
= 


(200BH)) which is generated (if enabled) by any other 
HSO command, 
(e.g. triggering the AID, resetting 
Timer 2 or generating a software time delay). 


A block diagram of the HSO unit is shown in Figure 
28. The Content Addressable Memory (CAM) file is 
the center of control. One CAM register is compared 
with the timer values every state time, taking 8 state 
times to compare all CAM registers with the timers. 
This defines the time resolution of the HSO to be 8 
state times (2.0 microseconds at an oscillator frequency 
of 12 MHz). 


HSI Status Register 
(HSI_Status) 


LOCATION06H 


HSI.O STATUS 


HSI.1 STATUS 


HSI.2 STATUS 


HSI.3 STATUS 
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Where for each 2-bitstatus fieldthe lowerbit indicates 
whether or not an event has occurred on this pin at the 
time in HSI_ 
TIME and the upper bit indicates the cur- 


rent status of the pin. 


Each CAM register is 23 bits wide. Sixteen bits specify 
the time at which the action is to be carried out and 7 
bits specify both the nature of the action and whether 
Timer I or Timer 2 is the reference. The format of the 


T2CLK 


T2RST 


HIGH 
SPEED 
OUTPUT 
CONTROL 
• 
6 OUTPUT 
PINS 
• 
4 SOFTWARE 
TIMERS 
• 
INITIATE 
AID 
CONVERSION 
• 
RESET 
TIMER 
2 


Figure 28. High Speed Output 
Unit 
1-31 
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command to the HSO unit is shown in Figure 29. Note 
that bit 5 is ignored for command channels 8 through 
OFH. 


To enter a command into the CAM file, write the 7-bit 
"Command Tag" into location 0006H followed by the 
time at which the action is to be carried out into word 
address 0004H. The typical code would be: 


LDB HSO_COMMAND,#what_to_do 
ADD HSO_TIME,TIMER1,#when_to_do_1t 


Writing the time value loads the HSO Holding Register 
with both the time and the last written command tag. 
The command does not actually enter the CAM file 
until an empty CAM register becomes available. 


Commands in the holding register will not execute even 
if their time tag is reached. Commands must be in the 
CAM for this to occur. Commands in the holding regis- 
ter can also be overwritten. Since it can take up to 8 
state times for a command to move from the holding 
register to the CAM, 8 states must be allowed between 
successive writes to the CAM. 


To provide proper synchronization, the minimum time 
that should be loaded to Timer I is Timer I + 2. 
Smaller values may cause the Timer match to occur 
65,636 counts later than expected. A similar restriction 
applies if Timer 2 is used. 


Care must be taken when writing the command tag for 
the HSO. If an interrupt occurs during the time be- 
tween writing the command tag and loading the time 
value, and the interrupt service routine writes to the 
HSO time register, the command tag used in the inter- 
rupt routine will be written to the CAM at both the 
time specified by the interrupt 
routine and the time 


specified by the main program. The command tag from 
the main program will not be executed. One way of 
avoiding this problem would be to disable interrupts 
when writing commands and times to the HSO unit. 
See also Section 4.5. 


CHANNEL: 


0-5 
HSO.O - 
HSO.5 


BIT: 
0 
] 
6 
HSO.O 
ANO 
HSO.l 


7 
HSO.2 
AND 
HSO.3 


8-B 
SOFTWARE 
TIMERS 


2 
E 
RESET TIMER2 


3 
F 
START AID 
CONVERSION 


4 
INTERRUPT I NO INTERRUPT 


5 
SET ICLEAR 


6 
TIMER 
2/TIMER 
1 


7 
X 


Before writing to the HSO, it is desirable to ensure that 
the Holding Register is empty. If it is not, writing to the 
HSO will overwrite the value in the Holding Register. 
I/O Status Register ° (IOSO) bits 6 and 7 indicate the 
status of the HSO unit. This register is described in 
Section 11. If IOSO.6 equals 0, the holding register is 
empty and at least one CAM register is empty. If 
IOSO.7 equals 0, the holding register is empty. 


The programmer should carefully decide which of these 
two flags is the best to use for each application. 


All 8 CAM locations of the HSO are compared before 
any action is taken. This allows a pending external 
event to be cancelled by simply writing the opposite 
event to the CAM. However, once an entry is placed in 
the CAM, it cannot be removed until either the speci- 
fied timer matches the written value or the chip is reset. 
If, as an example, a command has been issued to set 
HSO.I when TIMER I = 1234, then entering a second 
command which clears HSO.I when TIMER I = 1234 
will result in no operation on HSO.1. Both commands 
will remain in the CAM until TIMER I = 1234. 


Internal events are not synchronized to Timer I, and 
therefore cannot be cleared. This includes events on 
HSO channels 8 through F and all interrupts. 
Since 


interrupts are not synchronized it is possible to have 
multiple interrupts at the same time value. 


Timer I is incremented only once every 8 state-times. 
When it is being used as the reference timer for an HSO 
action, the comparator has a chance to look at all 8 
CAM registers before Timer I changes its value. Fol- 
lowing the same reasoning, Timer 2 has been synchro- 
nized to allow it to change at a maximum rate of once 
per 8 state-times. Timer 2 increments on both edges of 
the input signal. 


When using Timer 2 as the HSO reference, caution 
must be taken that Timer 2 is not reset prior to the 
highest value for a Timer 2 match in the CAM. This is 
because the HSO CAM will hold an event pending until 
a time match occurs, if that match is to a time value on 
Timer 2 which is never reached, the event will remain 
pending in the CAM until the part is reset. 


Additional caution must be used when Timer 2 is being 
reset using the HSO unit, since resetting Timer 2 using 
the HSO is an internal event and can therefore happen 
at any time within the eight-state-time window. This 
situation arises when the event is set to occur when 


Timer 2 is equal to zero. If HSI.O or the T2RST pin is 
used to clear Timer 2, and Timer 2 equal to zero trig- 
gers the event, then the event may not occur. This is 
because HSI.O and T2RST clear Timer 2 asynchro- 
nously, and Timer 2 may then be incremented to one 
before the HSO CAM entry can be read and acted 
upon. This can be avoided by setting the event to occur 
when Timer 2 is equal to one. This method will ensure 
that there is enough time for the CAM entry recogni- 
tion. 


The same asynchronous nature can affect events sched- 
uled to occur at the same time as an internal Timer 2 
reset. These events should be logged into the CAM 
with a Timer 2 value of zero. When using this method 
to make a programmable modulo counter, the count 
will stay at the maximum Timer 2 value only until the 
Reset T2 command is recognized. The count will stay 
at zero for the transition which would have changed the 
count from "N" to zero, and then changed to a one on 
the next transition. 


The HSO can be programmed to generate interrupts at 
preset times. Up to four such "Software Timers" can be 
in operation at a time. As each preprogrammed time is 
reached, the HSO unit sets a Software Timer Flag. If 
the interrupt bit in the command tag was set then a 
Software Timer Interrupt will also be generated. The 
interrupt service routine can then examine I/O Status 
register I (IOSl) 
to determine which software timer 
expired and caused the interrupt. When the HSO resets 
Timer 2 or starts an A to D conversion, it can also be 
programmed to generate a software timer interrupt but 
there is no flag to indicate that this has occurred. 


If more than one software timer interrupt occurs in the 
same time frame it is possible that multiple software 
timer interrupts will be generated. 


Each read or test of any bit in 10S I will clear bits 0 
through 5. Be certain to save the byte before testing it 
unless you are only concerned with 1 bit. See also Sec- 
tion 11.5. 


A complete listing of the functions ofIOSO, 10Sl, and 
lOCI can be found in Section 11. The Timers are de- 
scribed in Section 5 and the HSI is described in Section 6. 


The 8096H can easily interface to analog signals using 
its Analog to Digital Converter and its Pulse-Width- 
Modulated (pWM) output and HSO Unit. Analog in- 
puts are accepted by the 8-input, lO-bit A to D convert- 
er. The PWM and HSO units provide digital signals 
which can be filtered for use as analog outputs. 


A to D conversion is performed on one of the 8 inputs 
at a time using successive approximation with a result 
equal to the ratio of the input'voltage 
divided by the 
analog supply voltage. If the ratio is 1.00, then the re- 
sult will be all ones. The AID converter is available on 
selected members of the MCS-96 family. See Section 14 
for the device selection matrix. 


Each conversion on the 8096BH requires 88 state-times 
(22 /Lsat 12 MHz) independent of the accuracy desired 
or value of input voltage. The input voltage must be in 
the range of 0 to VREF, the analog reference and sup- 
ply voltage. For proper operation, VREF (the reference 
voltage and analog power supply) must be held nomi- 
nally at 5V. The A/D result is calculated from the for- 
mula: 


It can be seen from this formula that changes in VREF 
or ANGND effect the output of the converter. This can 
be advantageous if a ratiometric sensor is used since 
these sensors have an output that can be measured as a 
proportion of VREF. 


ANGND must be tied to VSS (digital ground) in order 
for the 8096BH to operate properly. This common con- 
nection should be made as close to the chip as possible, 
and using good bulk and high frequency by-pass capaci- 
tors to decouple power supply variations and noise 
from the circuit. Analog design rules call for one and 
only one common connection between analog and digi- 
tal returns to eliminate unwanted ground variations. 
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The AID converter has sample and hold. The sampling 
window is open for 4 state times which are included in 
the 88 state-time conversion period. The exact timings 
of the AID converter can be found in Section 3 of the 
Hardware Design chapter. 


Analog signals can be sampled by anyone 
of the 8 


analog input pins (ACHO through ACH7) which are 
shared with Port O.ACH7 can also be used as an exter- 
nal interrupt if lOCI. I is set (see Sections 4 and II). 
The AID Command Register, at location 02H, selects 
which channel is to be converted and whether the con- 
version should start immediately or when the HSO 
(Channel #OFH) triggers it. The AID command regis- 
ter must be written to for each conversion, even if the 
HSO is used as the trigger. A to D commands are for- 
matted as shown in Figure 30. 


AID 
Command 
Register 


(LOCATION 
02H) 


The command register is double buffered so it is possi- 
ble to write a command to start a conversion triggered 
by the HSO while one is still in progress. Care must be 
taken when this is done since if a new conversion is 
started while one is already in progress, the conversion 
in progress is cancelled and the new one is started. 
When a conversion is started, 
the result register is 


cleared. For this reason the result register must be read 
before a new conversion is started or data will be lost. 


Results of the analog conversions are read from the 
AID Result Register at locations 02H and 03H. Al- 
though these addresses are on a word boundary, they 
must be read as individual bytes. Information 
in the 


AID Result register is formatted as shown in Figure 
31. Note that the status bit may not be set until 8 state 


CHANNEL 
If SELECTS 
WHICH 
OF THE 8 ANALOG 
INPUT 
CHANNELS 
IS TO BE CONVERTED 
TO DIGITAL 
FORM; 


GO INDICATES 
WHEN THE CONVERSION 
IS TO BE 
INmATED 
(GO = 1 MEANS 
START 
NOW, GO = 0 
MEANS 
THE CONVERSION 
IS TO BE INmATED 
BY THE HSO UNIT AT A SPECIFIED 
TIME). 


AID 
RESULT 
REGISTER 


(LOCATION 
03H) 
(LOCATION 
02H) 


AID CHANNEL 
NUMBER 


STATUS 
o = AID CURRENTLY 
IDLE 
1 = CONVERSION 
IN PROCESS 


AID RESULT: 


LEAST 
SIGNIFICANT 
2 BITS 
MOST 
SIGNIFICANT 
BYTE 
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times after the go command, so it is necessary to wait 8 
state times before testing it. Information on using the 
HSO is in Section 7. 


8.4 Pulse Width Modulation 
Output 
(D/A) 


Digital to analog conversion can be done with the Pulse 
Width Modulation output; a block diagram of the cir- 
cuit is shown in Figure 32. The 8-bit counter is incre- 
mented every state time. When it equals 0, the PWM 
output is set to a one. When the counter matches the 
value in the PWM register, the output is switched low. 
When the counter overflows, the output is once again 
switched high. A typical output waveform is shown in 


Figure 33. Note that when the PWM register equals 00, 
the output is always low. Additionally, the PWM regis- 
ter will only be reloaded from the temporary 
latch 


when the counter overflows. This means that the com- 
pare circuit will not recognize a new value to compare 
against until the counter has expired the remainder of 
the current 8-bit count. 


The output waveform is a variable duty cycle pulse 
which repeats every 256 state times (64 IJosat 12 MHz). 
Changes in the duty cycle are made by writing to the 
PWM register at location l7H. There are several types 
of motors which require a PWM waveform for most 
efficient operation. Additionally, if this waveform is in- 
tegrated it will produce a DC level which can be 
changed in 256 steps by varying the duty cycle. 


OVERFLOW 


• 
PWM Period (XT AL = 12 MHz) = 64 ,,"S, Frequency 
= 15.625 
KHz 
• 
Duty Cycle 
Programmable 
in 256 Steps 


DUTY 
PWM CONTROL 
CYCLE 
REGISTER 
VALUE 
OUTPUT 
WAVEFORM 


0% 
00 
HI 
LO 


10% 
25 
~~Jl 
n 
n 


50% 
128 
HI 
LO 


10% 
230 
HI -l 
U 
U 
LO 


•. 8% 
255 
HI 


LO 
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Figure 33. Typical PWM Outputs 
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Details about the hardware required for smooth, accu- 
rate D/ A conversion can be found in Section 4 of the 
Hardware 
Design chapter. Typically, some form of 


buffer and integrator are needed to obtain the most use- 
fulness from this feature. 


The PWM output shares a pin with Port 2, pin 5 so 
that these two features cannot be used at the same time. 
IOCI.O equal to I selects the PWM function instead of 
the standard port function. More information on lOCI 
is in Section II. 


The HSO unit can be used to generate PWM wave- 
forms with very little CPU overhead. If the HSO is not 
being used for other purposes, a 4 line PWM unit can 
be made by loading the on and off times into the CAM 
in sets of 4. The CAM would then always be loaded and 
only 2 interrupts per PWM period would be needed. 
An example of using the HSO in this manner can be 
found in the chapter, "Using The 8096" included in 
this handbook. 


The serial port on the 8096BH has 3 asynchronous and 
one synchronous mode. The asynchronous modes are 
full duplex, meaning they can transmit and receive at 
the same time. The receiver is double buffered so that 
the reception of a second byte can begin before the first 
byte has been read. The port is functionally compatible 


with the serial port on the MCS-51 family ofmicrocon- 
trollers, although the software used to control the ports 
is different. 


Control of the serial port is handled through the Serial 
Port Control/Status 
Register at location IIH. Figure 


37shows the layout of this register. The details of using it 
to control the serial port will be discussed in Section 9.2. 


Data to and from the serial port is transferred through 
SBUF (rx) and SBUF (tx), both located at 07H. Al- 
though these registers share the same address, they are 
physically separate, with SBUF (rx) containing the data 
received by the serial port and SBUF (tx) used to hold 
data ready for transmission. The program cannot write 
to SBUF (rx) or read from SBUF (tx). 


The baud rate at which the serial port operates is con- 
trolled by an independent baud rate generator. The in- 
puts to this generator can be either the XTALI or the 
T2CLK pin. Details on setting up the baud rate are 
given in Section 9.3. 


Mode 0 is a synchronous mode which is commonly 
used for shift register based 110 expansion. In this 
mode the TXD pin outputs a set of 8 pulses while the 
RXD pin either transmits or receives data. Data is 
transferred 8 bits at a time with the LSB first. A dia- 
gram of the relative timing of these signals is shown in 
Figure 34. Note that this is the only mode which uses 
RXD as an output. 


TXO .••·U·"U..iU ···U···u···U···u···U 


RXO(In) ~v~ 
"v~or--"\vQr-"\v~ 
r-"\v~ 
r--"\v~ 
r-"\v~ 
r--"\vQ~ 


--J\.....J\.....J\.....J\.....J'--J'--J\.....JI-J\.-JI-JI-JI-JI-JI-J'--J\.- 


Although it is not possible to transmit and receive at 
the same time using this mode, two external gates and a 
port pin can be used to time-multiplex the two func- 
tions. An example of multiplexing transmit and receive 
is discussed in Section 6.1 of the Hardware Design 
chapter. 


Mode I is the standard asynchronous communications 
mode. The data frame used in this mode is shown in 
Figure 35. It consists of 10 bits; a start bit (0), 8 data 
bits (LSB first), and a stop bit (1). If parity is enabled, 
(the PEN bit is set to a I), an even parity bit is sent 
instead of the 8th data bit and parity is checked on 
reception. 


Mode 2 is the asynchronous 9th bit recognition mode. 
This mode is commonly used with Mode 3 for multi- 
processor communications. Figure 36 shows the data 
frame used in this mode. It consists of a start bit (0), 9 
data bits (LSB first), and a stop bit (1). When transmit- 
ting, the 9th bit can be set to a one by setting the TB8 
bit in the control register before writing to SBUF (tx). 
The TB8 bit is cleared on every transmission, so it must 
be set prior to writing to SBUF (tx) each time it is 
desired. During reception, the serial port interrupt and 
the Receive Interrupt (RI) bit will not be set unless the 
9th bit being received is set. This provides an easy way 
to have selective reception on a data link. Parity cannot 
be enabled in this mode. 


Mode 3 is the asynchronous 9th bit mode. The data 
frame for this mode is identical to that of Mode 2. The 
transmission differences between Mode 3 and Mode 2 
are that parity can be enabled (pEN = 1) and cause the 
9th data bit to take the even parity value. The TB8 bit 
can still be used if parity is not enabled (PEN = 0). 
When in Mode 3, a reception always causes an inter- 
rupt, regardless of the state of the 9th bit. The 9th bit is 
stored if PEN = 0 and can be read in bit RB8. If 
PEN = I then RB8 becomes the Receive Parity Error 
(RPE) flag. 


Control of the serial port is done through the Serial 
Port 
Control 
(SP_CON) 
and 
Serial 
Port 
Status 


(SP_STAT) 
registers shown in Figure 37. Writing to 


location IIH accesses SP_CON 
while reading it access 


SP_STAT. 
Note that reads of SP_STAT 
will return 


indeterminate data in the lower 5 bits and writing to the 
upper 3 bits of SP_CON 
has no effect on chip func- 


tionality. The TB8 bit is cleared after each transmission 
and 
both 
TI 
and 
RI 
are 
cleared 
whenever 


SP_STAT 
(not SP_CON) 
is accessed. Whenever the 


TXD pin is used for the serial port it must be enabled 
by setting IOCI.5 to a 1. lOCI is discussed further in 
Section 11.3. Information on the hardware connections 
and timing of the serial port is in Section 6 of the Hard- 
ware Design chapter. 


8-BlTS 
OF DATA 


PROGRAMMABLE 
8TH BIT 
--- 


ll-BIT FRAME 


SP_STAT 


. (READ 
ONLY) 


NOTE: 
TI and RI are cleared 
when 
SP_STAT 
is read. 


M2. MI 
SPECIFIES THE MOOE; 


0.0 
z MODE 0 
0.IzMODE1 
1.0 
z MODE 2 
1.1 = MODE 3 


PEN 
ENABLE THE PARITY FUNCTION (EVEN PARITY); 


REN 
ENABLES THE RECEIVE FUNCTION; 


T88 
PROGRAMS THE ITH DATA BIT (IF NOT PARITY) ON 
TRANSMISSION; 
TI 
IS THE TRANSMIT 
INTERRUPT FLAG; 


RBe 
IS THE ITH 
DATA BIT RECEIVED (IF NOT PARITY); 
RPE 
IS THE PARITY ERROR INDICATOR (IF PARITY ACTIVE). 
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In Mode 0, ifREN = 0, writing to SBUF (tx) will start 
a transmission. Causing a rising edge on REN, or clear- 
ing RI with REN = I, will start a reception. Setting 
REN = 0 will stop a reception in progress and inhibit 
further receptions. To avoid a partial or complete unde- 
sired reception, REN must be set to zero before RI is 
cleared. This can be handled in an interrupt environ- 
ment by using software flags or in straight-line code by 
using the Interrupt Pending register to signal the com- 
pletion of a reception. 


In the asynchronous modes, writing to SBUF (tx) starts 
a transmission. A falling edge on RXD will begin a 
reception if REN is set to 1. New data placed in SBUF 
(tx) is held and will not be transmitted until the end of 
the stop bit has been sent. 


In all modes, the RI flag is set after the last data bit is 
sampled approximately in the middle of the bit time. 
Also for all modes, the TI flag is set after the last data 
bit (either 8th or 9th) is sent, also in the middle of the 
bit time. The flags clear when SP_STAT 
is read, but 
do not have to be clear for the port to receive or trans- 
mit. The serial port interrupt bit is set as a logical OR 
of the RI and TI bits. Note that changing modes will 
reset the Serial Port and abort any transmission or re- 
ception in progress on the channel. If the Tx and Rx 
pins are tied together for loopback testing, the RI flag 
will be written first. 


Baud rates in all modes are determined by the contents 
of a 16.bit register at location OOOEH.This register 
must be loaded sequentially with 2 bytes (least signifi- 
cant byte first). The serial port will not function be- 
tween the loading of the first and second bytes. The 
MSB of this register selects one of two sources for the 
input frequency to the baud rate generator. If it is a I, 
the frequency on the XTALl pin is selected, if not, the 
external frequency from the T2CLK pin is used. It 
should be noted that the maximum speed of T2CLK is 
one transition every 2 state times, with a minimum pe- 
riod of 16 XTALl 
cycles. This provides the needed 
synchronization to the internal serial port clocks. 


The unsigned integer represented by the lower 15 bits 
of the baud rate register defines a number B, where B 
has a maximum value of 32767. The baud rate for the 
four serial modes using either XTALl or T2CLK as 
the clock source is given by: 


M 
. Baud 
- 
XTAL1 frequency. 
B #' 0 
ode O. Rate 
- 
4 • (B + 1) 
, 


Baud 
XT AL 1frequency 
Others: Rate = 
64' (B+ 1) 


Baud 
T2CLK frequency 
B..•.0 
Mode0: Rate = 
B 
;-r- 


Others: Baud 
T2CLK frequency 
B '#< 0 
Rate 
16' B 


Note that B cannot equal 0, except when using XTALI 
in other than mode o. 


Common baud rate values, using XTALl at 12 MHz, 
are shown below. 


Baud 
Baud Register 
Value 


Rate 
Mode 0 
Others 


9600 
813?H 
8013H 
4800 
82?OH 
8026H 
2400 
84E1H 
804DH 
1200 
89C3H 
809BH 
300 
A?OFH 
82?OH 


The maximum baud rates are 1.5 Mbaud synchronous 
and 187.5 Kbaud asynchronous with 12 MHz on 
XTAL1. 


Mode 2 and 3 are provided for multiprocessor commu- 
nications. In Mode 2 if the received 9th data bit is not 
1, the serial port interrupt is not activated. The way to 
use this feature in multiprocessor systems is described 
below. 


When the master processor wants to transmit a block of 
data to one of several slaves, it first sends out an ad- 
dress frame which identifies the target slave. An ad- 
dress frame will differ from a data frame in that the 9th 
data bit is 1 in an address frame and 0 in a data frame. 
Slaves in Mode 2 will not be interrupted by a data 
frame. An address frame, however, will interrupt all 
slaves so that each slave can examine the received byte 
and see if it is being addressed. The addressed slave 
switches to Mode 3 to receive the coming data frames, 
while the slaves that were not addressed stay in Mode 2 
and go on about their business. 


There are five 8-bit I/O ports on the 8096. Some of 
these ports are input only, some are output only, some 


are bidirectional and some have alternate functions. In 
addition to these ports, the HSI/O unit can be used to 
provide extra I/O lines if the timer related features of 
these lines are not needed. 


Input ports connect to the internal bus through an in- 
put buffer. Output ports connect through an output 
buffer to an internal register that hold the bits to be 
output. Bidirectional ports consist of an internal regis- 
ter, an input buffer, and an output buffer. 


Port 0 is an input port which is also used as the analog 
input for the A to D converter. Port 1 is a quasi-bidi- 
rectional port. Port 2 contains three types of port lines: 
quasi-bidirectional, input and output. The input and 
output lines are shared with other functions in the 
8096BH as shown in Table 4. Ports 3 and 4 are open- 
drain bidirectional ports which share their pins with the 
address/data bus. 


Port 
Function 
Alternate 
Controlled 


Function 
by 


P2.0 
Output 
TXD (Serial Port 
IOC1.5 
Transmit) 
P2.1 
Input 
RXD (Serial Port 
N/A 
Receive) 
P2.2 
Input 
EXTINT 
IOC1.1 
(External 
Interrupt) 
P2.3 
Input 
T2CLK (Timer 
lOCO.? 
2 Input) 
P2.4 
Input 
T2RST (Timer 
IOCO.5 
2 Reset) 
P2.5 
Output 
PWM 
IOC1.0 
(Pulse-Width 
Modulation) 


P2.6 
Quasi-Bidirectional 
P2.? 
Quasi-Bidirectional 


Section 2 of the Hardware Design chapter contains ad- 
ditional information on the timing, drive capabilities, 
and input impedances of I/O pins. 


Input ports and pins can only be read. There are no 
output drivers on these pins. The input leakage of these 
pins is in the microamp range. The specific values can 
be found in the data sheet for the device being consid- 
ered. 


In addition to acting as a digital input, each line of Port 
o can be selected to be the input of the A to D converter 
as discussed in Section 8. The pins on Port 0 are tested 


to have D.C. leakage of 3 microamps or less, as speci- 
fied in the data sheet for the device being considered. 
The capacitance on these pins is approximately 5 pF 
and will instantaneously increase by around 5 pF when 
the pin is being sampled by the A to D converter. 


The 8096BH samples the input to the A/D for 4 state 
times at the beginning of the conversion. Details on the 
A to D converter can be found in Section 8 of this 
chapter and in Section 3 of the Hardware Design chap- 
ter. 


Port 1, Port 2.6 and Port 2.7 are quasi-bidirectional 
ports. "Quasi-bidirectional" 
means that the port pin 
has a weak internal pullup that is always active and an 
internal pulldown which can be on to output a 0, or off 
to output a 1. If the internal pulldown is left off (by 
writing a 1 to the pin), the pin's logic level can be con- 
trolled by an external pulldown. If the external pull- 
down is on, it will input a 0 to the 8096BH, if it is off, a 
1 will be input. From the user's point of view, the main 
difference between a quasi-bidirectional 
port and a 


standard input port is that the quasi-bidirectional port 
will source current if externally pulled low. It will also 
pull itself high if left unconnected. 


In parallel with the weak internal pullup is a much 
stronger internal pullup that is activated for one state 
time when the pin is internally driven from 0 to 1. This 
is done to speed up the O-to-l transition time. When 
this pullup is on the pin can typically source 30 milli- 
amps to Vss. 


When the processor writes to the pins of a quasi-bidi- 
rectional port it actually writes into a register which in 
turn drives the port pin. When the processor reads 
these ports, it senses the status of the pin directly. If a 
port pin is to be used as an input then the software 
should write a one to its associated SFR bit, this will 
cause the low-impedance pull-down device to turn off 
and leave the pin pulled up with a relatively high im- 


pedance pullup device which can be easily driven down 
by the device driving the input. 


If some pins of a port are to be used as inputs and some 
are to be used as outputs the programmer should be 
careful when writing to the port. 


Particular care should be exercised when using XOR 
opcodes or any opcode which is a read-modify-write 
instruction. It is possible for a Quasi-Bidirectional Pin 
to be written as a one, but read back as a zero if an 
external device (i.e., a transistor base) is pulling the pin 
below VIH. See the Hardware Design Chapter Section 
2.2 for further details on using the Quasi-Bidirectional 
Ports. 


Output pins include the bus control lines, the HSO 
lines, and some of Port 2. These pins can only be used 
as outputs as there are no input buffers connected to 
them. It is not possible to use immediate logical instruc- 
tions such as XOR PORT2, #OOl1lB to toggle these 
pins. The output currents on these ports is higher than 
that of the quasi-bidirectional ports. 


These pins have two functions. They are either bidirec- 
tional ports with open-drain outputs or System Bus 
pins which the memory controller uses when it is acces- 
ing off-chip memory. If the EA line is low, the pins 
always act as the System Bus. Otherwise they act as bus 
pins only during a memory access. If these pins are 
being used as ports and bus pins, ones must be written 
to them prior to bus operations. 


Accessing Port 3 and 4 as I/O is easily done from inter- 
nal registers. Since the LD and ST instructions require 
the use of internal registers, it may be necessary to first 
move the port information into an internal location be- 
fore utilizing the data. If the data is already internal, 
the LD is unnecessary. For instance, to write a word 
value to Port 3 and 4 ... 


register 
+- 
data 
not 
needed 
if already 
internal 


intJ 


To read Port 3 and 4 requires that "ones" be written to the port registers to first setup the input port configuration 
circuit. Note that the ports are reset to this input condition, but if zeroes have been written to the port, then ones 
must be re-written to any pins which are to be used as inputs. Reading Port 3 and 4 from a previously written zero 
condition is as follows ... 


register 
- 
Port 3 and 4 
LD & ST not needed if previously 
written as ones 


When acting as the system bus the pins have strong 
drivers to both Vcc 
and Vss. These drivers are used 


whenever data is being output on the system bus and 
are not used when data is being output by Ports 3 and 
4. Only the pins and input buffers are shared between 
the bus and the ports. The ports use different output 
buffers which are configured as open-drain, and require 
pullup resistors. (open-drain is the MOS version of 
open-collector.) The port pins and their system bus 
functions are shown in Table 5. 


Port Pin 
System 
Bus 
Function 


P3.0 
ADO 
P3.1 
AD1 
P3.2 
AD2 
P3.3 
AD3 
P3.4 
AD4 
P3.5 
AD5 
P3.6 
AD6 
P3.? 
AD? 
P4.0 
AD8 
P4.1 
AD9 
P4.2 
AD10 
P4.3 
AD11 
P4.4 
AD12 
P4.5 
AD13 
P4.6 
AD14 
P4.? 
AD15 


11.0 
STATUS 
AND CONTROL 
REGISTERS 


There are two I/O Control registers, lOCO and lOCI. 
lOCO controls Timer 2 and the HSI lines. lOCI con- 
trols some pin functions, interrupt sources and 2 HSO 
pins. 


Whenever input lines are switched between two sourc- 
es, or enabled, it is possible to generate transitions on 
these lines. This could cause problems with respect to 
edge sensitive lines such as the HSI lines, Interrupt line, 
and Timer 2 control lines. 


lOCO is located at OOI5H. The four HSI lines can be 
enabled or disabled to the HSI unit by setting or clear- 
ing bits in lOCO. Timer 2 functions including clock and 
reset sources are also determined by lOCO. The control 
bit locations are shown in Figure 38. 


o 
HSI.O 
INPUT 
ENABLE 
/ 
DISABLE 


TIt.4ER 2 
RESET EACH 
WRITE 


2 
HSl.l 
INPUT 
ENABLE 
/ 
DISABLE 


3 
TIt.4ER 2 EXTERNAL 
RESET 
ENABLE 
/ 
DISABLE 


4 
HSI.2 
INPUT 
ENABLE 
/ 
DISABLE 


5 
TIt.4ER 2 RESET SOURCE 
HSI.O / 
T2RST 


6 
HSI.3 
INPUT 
ENABLE 
/ 
DISABLE 


7 
TIt.4ER 2 CLOCK 
SOURCE 
HSl.l 
/T2CLK 


270250-37 


inter 


lOCI is used to select some pin functions and enable or 
disable some interrupt sources. Its location is OOI6H. 
Port pin P2.5 can be selected to be the PWM output 
instead of a standard output. The external interrupt 
source can be selected to be either EXTINT (same pin 
as P2.2) or Analog Channel 7 (ACH7, same pin as 
PO.7).Timer 1 and Timer 2 overflow interrupts can be 
individually enabled or disabled. The HSI interrupt can 
be selected to activate either when there is 1 FIFO en- 
try or 7. Port pin P2.0 can be selected to be the TXD 
output. HSO.4 and HSO.5 can be enabled or disabled 
to the HSO unit. More information on interrupts is 
available in Section 4. The positions of the lOCI con- 
trol bits are shown in Figure 39. 


There are two I/O Status registers, 10SO and 10S!. 
10SO,located at OO15H,holds the current status of the 
HSO lines and CAM. The status bits of 10SO are 
shown in Figure 40. 


SELECT PWM/ SELECT P2.5 


EXTERNAL INTERRUPT ACH7 / EXTINT 


TIMER 1 OVERfLOW INTERRUPT ENABLE / DISABLE 


TIMER 2 OVERfLOW INTERRUPT ENABLE/ DISABLE 


HSO.4 OUTPUT ENABLE / DISABLE 


SELECT TXD/ SELECT P2.0 


HSO.5 OUTPUT ENABLE / DISABLE 


HSI INTERRUPT-------- 
flfO 
fULL / HOLDING REGISTERLOADED 


HSO.O CURRENT STATE 


HSO.l 
CURRENT STATE 


HSO.2 CURRENT STATE 


HSO.3 CURRENT STATE 


HSO.4 
CURRENT STATE 


HSO.5 
CURRENT STATE 


CAM QR HOLDING REGISTER IS fULL 


HSO HOLDING REGISTER IS fULL 


270250-39 


SOfTWARE 
TIMER 0 EXPIRED 


SOfTWARE 
TIMER 1 EXPIRED 


SOfTWARE 
TIMER 2 EXPIRED 


SOfTWARE 
TIMER 3 EXPIRED 


TIMER 2 HAS OVERfLOW 


TIMER 1 HAS OVERfLOW 


HSI flfo 
IS fULL 


HSI HOLDING REGISTER DATA AVAILABLE 


270250-40 


10Sl is located at 016H. It contains status bits for the 
timers and the HSI/O. The positions of these bits are 
shown in Figure 4!. 


Whenever the processor reads this register all of the 
time-related flags (bits 5 through 0) are cleared. This 
applies not only to explicit reads such as: 


whichjumps to somewhere_else if bit 3 ofIOSl is set. 
In most cases this situation can best be handled by hav- 
ing a byte in the register file which is used to maintain 
an image of lower five bits of the register. Any time a 
hardware timer interrupt or a HSO software timer in- 
terrupt occurs the byte can be updated: 


leaving 10Sl_image 
containing all the flags that were 


set before plus all the new flags that were read and 
cleared from 10S!. Any other routine which needs to 
sample the flags can safely check 10Sl_image. 
Note 


that if these routines need to clear the flags that they 
have acted on, then the modification of 10Sl_image 
must be done from inside a critical region (see Section 
4.4). 


The WatchDog Timer (WDT) provides a means to re- 
cover gracefully from a software upset. When the 
watchdog is enabled it will initiate a hardware reset 
unless the software clears it every 64K state times. 


The WDT is implemented as an 8-bit timer with an 
8-bit prescaler. The prescaler is not synchronized, so 
the timer will overflow between 65280 and 65535 state 
times after being reset. When the timer overflows it 
pulls down the RESET pin for at least two state times, 
resetting the 8096BH and any other devices tied to the 
RESET line. If a large capacitor is connected to the 
line, the pin may take a long time to go low. This will 
effect the length of time the pin is low and the voltage 
on the pin when it is fmished falling. Section 1.4 of the 
Hardware Design chapter contains more information 
about reset hardware connections. 


The WDT is enabled the first time it is cleared. Once it 
is enabled, it can only be disabled by resetting the 
8096BH. The internal bit which controls the watchdog 
can typically maintain its state through power glitches 
as low as Vss and as high as 7.0V for up to one millisec- 
ond. 


Enabling and clearing the WDT is done by writing a 
"OIEH" followed by a "OEIH" to the WDT register at 
location OAH. This double write is used to help prevent 
accidental clearing of the timer. 


Glitches and noise on the PC board can cause software 
upsets, typically by changing either memory locations 
or the program counter. These changes can be internal 
to the chip or be caused by bad data returning to the 
chip. 


There are both hardware 
and software solutions to 


noise problems, but the best solution is good design 
practice and a few ounces of prevention. The software 
can be designed so that the watchdog times out if the 
program does not progress properly. The watchdog will 
also time-out if the software error was due to ESD 
(Electrostatic 
Discharge) 
or other hardware 
related 


problems. This prevents the controller from having a 
malfunction for longer than 16 milliseconds if a 12 
MHz oscillator is used. 


When using the WDT to protect software it is desirable 
to reset it from only one place in code. This will lessen 
the chance that an undesired WDT reset will occur. 


The section of code that resets the WDT should moni- 
tor the other code sections for proper operation. This 
can be done by checking variables to make sure they 
are within reasonable values. Simply using a software 
timer to reset the WDT every 15 milliseconds will not 
provide much protection against minor problems. 


It is also recommended that unused areas of code be 
filled with NOPs and periodic jumps to an error routine 
or RST (reset chip) instructions. This is particularly 
important in the code around lookup tables, since if 
lookup tables are executed undesired results will occur. 
Wherever space allows, each table should be surround- 
ed by 7 NOPs (the longest 8096 instruction has 7 bytes) 
and a RST or jump to error routine instruction. Since 
RST is a one-byte instruction, the NOPs are not needed 
if RSTs are used instead of jumps to an error routine. 
This will help to ensure a speedy recovery should the 
processor have a glitch in the program flow. Since RST 
instruction has an opcode of OFFH, pulling the data 
lines high with resistors will cause an RST to be execut- 
ed if unimplemented memory is addressed. 


The watchdog should be disabled by software not ini- 
tializing it. If this is not possible, such as during pro- 
gram development, the watchdog can be disabled by 
holding the RESET pin at 2.0V to 2.5V. Voltages over 
2.5V on the pin could quickly damage the part. Even at 
2.5V, using this technique for other than debugging 
purposes is not recommendecj, as it may effect long 
term reliability. It is further recommended that any 
part used in this way for more than several seconds, not 
be used in production versions of products. Section 1.6 
of the Hardware Design chapter has more information 
on disabling the Watchdog Timer. 


As with all processors, the 8096BH must be reset each 
time the power is turned on. This is done by holding the 
RESET pin low for at least 2 state times after the power 
supply is within tolerance and the oscillator has stabi- 
lized. 


After the RESET pin is brought high, a ten state reset 
sequence is executed. During this time, the Chip Con- 
figuration Byte (CCB) is read from location 2018H and 
written to the 8096BH Chip~onfiguration 
Register 


(CCR). If the voltage on the EA pin selects the inter- 


inter 


nallexternal execution mode the CCB is read from'in- 
ternal ROM/EPROM. 
If the voltage on the EA pin 


selects the external execution only mode the CCB is 
read from external memory. 


The 8096BH can be reset using a capacitor, I-shot, or 
any other method capable of providing a pulse of at 
least 2 state times longer than required for Vcc and the 
oscillator to stabilize. 


For best functionality, it is suggested that the reset pin 
be pulled low with an open collector device. In this 
way, several reset sources can be wire ORed together. 
Remember, the RESET pin itself can be a reset source 
when the RST instruction 
is executed or when the 


Watchdog Timer overflows. Details of hardware sug- 
gestions for reset can be found in Section 1.4 of the 
Hardware Design chapter. 


The I/O lines and control lines of the 8096BH will be 
in their reset state within 2 state times after reset is low, 
with Vcc and the oscillator stabilized. Prior to that 
time, the status of the I/O lines is indeterminate. After 
the 10 state time reset sequence, the Special Function 
Registers will be set as follows: 


Register 
Reset Value 


Port 1 
XXXXXXXX8 
Port 2 
XXOXXXX18 
Port 3 
111111118 
Port 4 
,. 
111111118 
PWM Control 
OOH 
Serial Port (Transmit) 
undefined 
Serial Port (Receive) 
undefined 
8aud Rate Register 
undefined 
Serial Port Control 
XXXXOXXX8 
Serial Port Status 
XOOXXXXX8 
AID Command 
undefined 
AID Result 
undefined 
Interrupt Pending 
undefined 
Interrupt Mask 
000000008 
Timer 1 
OOOOH 
Timer 2 
OOOOH 
Watchdog Timer 
OOOOH 
HSI Mode 
111111118 
HSI Status 
undefined 
10SO 
000000008 
IOS1 
000000008 


lOCO 
XOXOXOX08 
IOC1 
XOXOXXX18 
HSI FIFO 
empty 
HSOCAM 
empty 
HSOSFR 
0000008 
PSW 
OOOOH 
Stack Pointer 
undefined 
Program Counter 
2080H 


Port I and Port 2.6, 2.7 reset to a floating or weak pull- 
up condition. HSO.4 and HSO.5 reset to a floating con- 
dition as they are disabled by IOCI.4 and IOCI.6. 


Pin 
Reset Value 


AD 
high 
WA/WAL 
high 


ALE/ADV 
high 
8HE/WAH 
low 


INST 
high 


HSO Lines 
XXOOO08 


It is important to note that the Stack Pointer and Inter- 
rupt Pending Register are undefined, and need to be 
initialized in software. The Interrupts are disabled by 
both the mask register and PSW.9 after a reset. 


13.3 
Reset Sync Mode 


The RESET line can be used to start the 8096BH at an 
exact state time to provide for synchronization of test 
equipment and multiple chip systems. RESET is active 
low. To synchronize parts, RESET is brought high on 
the rising edge of XTALI. 
Complete details on syn- 


chronizing parts can be found in Section 1.5 of the 
Hardware Design chapter. 


It is very possible that parts which start in sync may 
not stay that way. The best example of this would be 
when a "jump on I/O bit" is being used to hold the 
processor in a loop. If the line changes during the time 
it is being tested, one processor may see it as a one, 
while the other sees it as a zero. The result is that one 
processor will do an extra loop, thus putting it several 
states out of sync with the other. 


On the 48-pin parts the following pins are not bonded 
out: Portl, PortO (Analog In) bits 0-3, T2CLK (P2.3), 
T2RST (p2.4), P2.6, P2.7, CLKOUT, 
INST, NMI, 


BUSWIDTH (TEST on 8X9X devices). 


inter 


Symbol 
Name and Function 


Vcc 
Main supply voltage 
(5V). 


Vss 
Digital circuit ground (OV). Two pins. 


VPD 
RAM standby supply voltage 
(5V). This voltage 
must be present during normal operation. 
In 


a Power Down condition 
(Le. Vcc drops to zero), if RESET is activated 
before Vcc drops 


below spec and VPD continues 
to be held within spec., the top 16 bytes in the Register 
File 


will retain their contents. 
RESET must be held low during the Power Down and should not 


be brought high until Vcc is within spec and the oscillator 
has stabilized. 
See Section 2.3. 


VREF 
Reference 
voltage for the AID 
converter 
(5V). VREF is also the supply voltage to the analog 


portion of the AID 
converter 
and the logic used to read Port O. See Section 8. 


ANGND 
Reference 
ground for the AID 
converter. 
Should be held at nominally 
the same potential 
as 
Vss. See Section 8. 


Vpp 
Programming 
voltage for the EPROM parts. It should be + 12.75V when programming 
and 
will float to 5V otherwise. 
It should not be above 5.5V on other than EPROM parts. This pin 


must float in the application 
circuit. 


XTAL1 
Input of the oscillator 
inverter and of the internal clock generator. 
See Section 
1.5. 


XTAL2 
Output of the oscillator 
inverter. See Section 
1.5. 


CLKOUT 
Output of the internal clock generator. 
The frequency 
of CLKOUT 
is % the oscillator 
frequency. 
It has a 33% duty cycle. See Section 
1.5 


RESET 
Reset input to the chip. Input low for at least 2 state times to reset the chip. The subsequent 
low-to-high 
transition 
re-synchronizes 
CLKOUT and commences 
a 1O-state-time 
sequence 
in which the PSW is cleared, a byte read from 2018H loads CCR, and a jump to location 
2080H is executed. 
Input high for normal operation. 
RESET has an intern~1 pullup. See 


Section 
13. 


BUSWIDTH 
Input for buswidth 
selection. 
If CCR bit 1 is a one, this pin selects the bus width for the bus 


cycle in progress. 
If BUSWIDTH 
is a 1, a 16-bit bus cycle occurs. 
If BUSWIDTH 
is a 0 an 


8-bit cycle occurs. If CCR bit 1 is a 0, the bus is always an 8-bit bus. If this pin is left 
unconnected, 
it will rise to VCC. See Section 
2.7. 


NMI 
A positive transition 
causes a vector to external 
memory location 
OOOOH.External memory 
from OOHthrough 
OFFH is reserved 
for Intel development 
systems. 


INST 
Output high during an external 
memory read indicates 
the read is an instruction 
fetch. INST 
is valid throughout 
the bus cycle. 


EA 
Input for memory select (External Access). 
EA equal to a TTL-high 
causes memory 


accesses 
to locations 
2000H through 3FFFH to be directed to on-chip 
ROM/EPROM. 
EA 


~al 
to a TTL-Iow causes accesses 
to these locations 
to be directed 
to off-chip 
memo~ 
EA = + 12.5V causes execution 
to begin in the Programming 
mode on EPROM parts. EA 
has an internal pulldown, 
so it goes to 0 unless driven otherwise. 


ALE/ADV 
Address 
Latch Enable or Address 
Valid output, as selected 
by CCR. Both pin options 
provide a latch to demultiplex 
the address from the address/data 
bus. When the pin is ADV, 


it goes inactive high at the end of the bus cycle. ADV can be used as a chip select for 
external 
memory. ALE/ ADV is activated 
only during external 
memory accesses. 
See 
Section 
2.7. 


RD 
Read signal output to external 
memory. RD is activated 
only during external 
memory reads. 


inter 


Symbol 
Name and Function 


WR/WRL 
Write and Write Low output to external 
memory, as selected 
by the CCR. WR will go low for 


every external write, while WRL will go low only for external writes where an even byte is 
being written. WR/WRL 
is activated 
only during external 
memory writes. See Section 
2.7. 


BHE/WRH 
Bus High Enable or Write High output to external 
memory, as selected 
by the CCR. BHE = 


o selects the bank of memory that is connected 
to the high byte of the data bus. AO = 0 


selects the bank of memory that is connected 
to the low byte of the data bus. Thus 


accesses 
to a 16-bit wide memory can be to the low byte only (AO = 0, BHE = 1), to the 
high byte only (AO = 1, BHE II = 0), or both bytes (AO = 0, BHE = 0). If the WRH function 
is selected, 
the pin will go low if the bus cycle is writing to an odd memory location. 
See 


Section 2.7. 


READY 
Ready input to lengthen 
external 
memory cycles, for interfacing 
to slow or dynamic 
memory, 


or for bus sharing. If the pin is high, CPU operation 
continues 
in a normal manner. If the pin 
is low prior to the falling edge of CLKOUT, 
the Memory Controller 
goes into a wait mode 


until the next positive transition 
in CLKOUT 
occurs with READY high. The bus cycle can be 


lengthened 
by up to 1 /Ls. When the external 
memory is not being used, READY has no 


effect. 
Internal control 
of the number of wait states inserted 
into a bus cycle held not ready 
is available 
through configuration 
of CCR. READY has a weak internal pullup, so it goes to 1 
unless externally 
pulled low. See Section 2.7. 


HSI 
Inputs to High Speed Input Unit. Four HSI pins are available: 
HSI.O, HSI.1, HSI.2, and HSI.3. 


Two of them (HSI.2 and HSI.3) are shared with the HSO Unit. The HSI pins are also used as 
inputs by EPROM parts in Programming 
mode. See Section 6. 


HSO 
Outputs from High Speed Output Unit. Six HSO pins are available: 
HSO.O, HSO.1, HSO.2, 


HSO.3, HSOA, 
and HSO.5. Two of them (HSOA 
and HSO.5) are shared with the HSI Unit. 


See Section 
7. 


Port 0 
8-bit high impedance 
input-only 
port. These pins can be used as digital inputs and/or 
as 


analog inputs to the on-chip A/D converter. 
These pins are also a mode input to EPROM 


parts in the Programming 
mode. See Section 
10. 


Port 1 
8-bit quasi-bidirectional 
I/O port. See Section 
10. 


Port 2 
8-bit multi-functional 
port. Six of its pins are shared with other functions 
in the 8096BH, 
the 
remaining 
2 are quasi-bidirectional. 
These pins are also used to input and output control 


signals on EPROM parts in Programming 
Mode. See Section 
10. 


Ports 3 and 4 
8-bit bi-directionall/O 
ports with open drain outputs. These pins are shared with the 


multiplexed 
address/data 
bus which has strong internal pullups. Ports 3 and 4 are also used 
as a command, 
address and data path by EPROM parts operating 
in the programming 


mode. See Sections 
2.7 and 10. 


The following is a list of pins in alphabetical order. 
Where a pin has two names it has been listed under 
both names, except for the system bus pins, ADO- 
AD15, which are listed under Port 3 and Port 4. 


Name 
68-Pln 
68-Pin 
48-Pln 
PLCC 
PGA 
DIP 


ACHO/PO.O 
6 
4 
- 


ACH1/PO.1 
5 
5 
- 
ACH2/PO.2 
7 
3 
- 
ACH3/PO.3 
4 
6 
- 
ACH4/PO.4/MOD.0 
11 
67 
43 
ACH5/PO.5/MOD.1 
10 
68 
42 
ACH6/PO.6/MOD.2 
8 
2 
40 
ACH7 IPO.7 IMOD.3 
9 
1 
41 


ALEYADV 
62 
16 
34 
ANGND 
12 
66 
44 
BHE/WRH 
41 
37 
15 


BUSWIDTH 
(TEST) 
64 
14 
- 
CLKOUT 
65 
13 
- 
EA 
2 
8 
39 
EXTINT IP2.2/PROG 
15 
63 
47 
HSI.O 
24 
54 
3 


HSI.1 
25 
53 
4 


HSI.2/HSO.4 
26 
52 
5 
HSI.3/HSO.5 
27 
51 
6 
HSO.O 
28 
50 
7 


HSO.1 
29 
49 
8 


HSO.2 
34 
44 
9 
HSO.3 
35 
43 
10 
HSO.4/HSI.2 
26 
52 
5 
HSO.5/HSI.3 
27 
51 
6 
INST 
63 
15 
- 
NMI 
3 
7 
- 
PWM/P2.5/PDO 
39 
39 
13 
PALE/P2.1/RXD 
17 
61 
1 
PROG/P2.2/EXTNT 
15 
63 
47 
PVER/P2.0/TXD 
18 
60 
2 
PO.O/ACHO 
6 
4 
- 
PO.1/ACH1 
5 
5 
- 


PO.2/ACH2 
7 
3 
- 
PO.3/ACH3 
4 
6 
- 
P0.41 ACH4/MOD.0 
11 
67 
43 
PO.51 ACH5/MOD.1 
10 
68 
42 


PO.61 ACH6/MOD.2 
8 
2 
40 


PO. 7I ACH7 IMOD.3 
9 
1 
41 
P1.0 
19 
59 
- 


P1.1 
20 
58 
- 


P1.2 
21 
57 
- 


P1.3 
22 
56 
- 


P1.4 
23 
55 
- 
P1.5 
30 
48 
- 


Name 
68-Pin 
68-Pin 
48-Pin 
PLCC 
PGA 
DIP 


P1.6 
31 
47 
- 
P1.7 
32 
46 
- 
P2.0/TXD/PVER 
18 
60 
2 
P2.1/RXD/PALE 
17 
61 
1 
P2.2/EXTINT 
15 
63 
47 


P2.3/T2CLK 
44 
34 
- 
P2.4/T2RST 
42 
36 
- 
P2.5/PWM/PDO 
39 
39 
13 


P2.6 
33 
45 
- 
P2.7 
38 
40 
- 
P3.0/ADO 
PVAL 
60 
18 
32 


P3.1/AD1 
PVAL 
59 
19 
31 
P3.2/AD2 
PVAL 
58 
20 
30 
P3.3/AD3 
PVAL 
57 
21 
29 
P3.4/AD4 
PVAL 
56 
22 
28 
P3.5/AD5 
PVAL 
55 
23 
27 
P3.6/AD6 
PVAL 
54 
24 
26 
P3.7/AD7 
PVAL 
53 
25 
25 
P4.0/AD8 
PVAL 
52 
26 
24 


P4.1/AD9 
PVAL 
51 
27 
23 
P4.2/AD10 
PVAL 
50 
28 
22 
P4.31 AD11 PVAL 
49 
29 
21 
P4.4/AD12 
PVAL 
48 
30 
20 
P4.5/AD13 
PVAL 
47 
31 
19 
P4.6/AD14 
PVAL 
46 
32 
18 
P4.7/AD15 
PVAL 
45 
33 
17 
RD 
61 
17 
33 
READY 
43 
35 
16 
RESET 
16 
62 
48 
RXD/P2.1 
17 
61 
1 


SALE/PVER/P2.0 
18 
60 
2 
SPROG/PDO/P2.5 
39 
39 
13 
TXD/P2.0/SALE 
18 
60 
2 
T2CLK/P2.3 
44 
34 
- 
T2RST/P2.4 
42 
36 
- 
Vpp 
37 
41 
12 
Vcc 
1 
9 
38 
VPD 
14 
64 
46 


VREF 
13 
65 
45 


Vss 
68 
10 
11 


Vss 
36 
42 
37 


WR/WRL 
40 
38 
14 


WRH/BHE 
41 
37 
15 


XTAL1 
67 
11 
36 


XTAL2 
66 
12 
35 


The Following pins are not bonded out in the 48-pin 
package: 


PI.O through PI.7, PO.Othrough PO.3,P2.3, P2.4, P2.6, 
P2.7 CLKOUT, INST, NMI, TEST, T2CLK (P2.3), 
T2RST (p2.4). 


The MCS-96 products are available in 48-pin and 68-pin packages, with and without AID. and with and without on- 
chip ROM or EPROM. The MCS-96 numbering system is shown below. Section 14.4 shows the pinouts for the 48- 
and 68-pin packages. The 48-pin version is offered in a Dual-In-Line package while the 68-pin versions come in a 
Plastic Leaded Chip Carrier (PLCC), a Pin Grid Array (PGA) or a Type "B" Leadless Chip Carrier. 


Without AID 
With AID 


48 Pin 
C8095BH 
- Ceramic 
DIP 
ROM less 
P8095BH 
- Plastic DIP 
809XBH 
A8096BH 
- Ceramic 
PGA 
A8097BH 
- Ceramic 
PGA 
68 Pin 
N8096BH 
- PLCC 
N8097BH 
- PLCC 


48 Pin 
C8395BH 
- Ceramic 
DIP 
ROM 
P8395BH 
- Plastic DIP 
839XBH 
A8396BH 
- Ceramic 
PGA 
A8397BH 
- Ceramic 
PGA 
68 Pin 
N8396BH 
- PLCC 
N8397BH 
- PLCC 


EPROM 
48 Pin 
C8795BH 
- Ceramic 
DIP 


879XBH 
68Pln 
A8796BH 
- Ceramic 
PGA 
A8797BH 
- Ceramic 
PGA 
R8796BH 
- Ceramic 
LCC 
R8797BH 
- Ceramic 
LCC 


MTBF Calculations· 


3.8 x 
107 Device Hours 
@ 55·C 


1.7 x 
107 Device Hours 
@ 70·C 


Device Type 
#MOSGates 


839XBH/879XBH 
120,000 


809XBH 
50,000 
'MTBF data was obtained through calculations based upon the actu· 
al average junction temperatures under stress at SS'C and 70'C 
ambient. 


TeASE 
Package 
Type 
OJa 
8Jc 
COMM'L 
EXPRESS 


8S·C 
100·C 
PGA 
3S·C/W 
10·C/W 


8S·C 
100·C 
PLCC 
37*C/W 
10·C/W 


LCC 
28·C/W 
- 


Plastic DIP 
38·C/W 
- 


79.7S·C 
94.7S·C 
Ceramic 
DIP 
26·C/W 
6SC/W 


RXO/P2.1 


TXO/P2.0 


HSIO 


HSII 


HSI2/HSO' 


HSI3/HS05 


HSOO 


HSOI 


HS02 


HS03 


VSS 


Vpp 


PWW/P2.5 


WRLjiiIl 


WRH/8HE 


READY 


AOI5/P'.7 


A014/PU 


A013/P •. 5 


AOI2/P •. ' 


A011/P'.3 


A010/P •. 2 


A09/P •. ' 
AD8/P •. O 


RESET 


EXTlNT/P2.2 


VpO 


VREF 
ANGNO 


ACH./PO .• 


ACH5/PO.5 


ACH7/PO.7 


ACH6/PO.6 
Ei 


Vcc 


VSS 


XTAL1 


XTAL2 


ALE/AOV 


RO 


AOO/P3.0 


A01/P3.1 


A02/P3.2 


A03/P3.3 


AO./P3.' 


A05/P3.5 


A06/P3.6 


A07/P3.7 


171513 
11 
9 
7 
1 
" 


1819161412108 
268 


2021 
WCS"'-96 
67 66 


22 23 
68 PIN 
6S 6. 


2. 
25 
GRIDARRAY 
63 62 


26 27 
61 60 


28 29 
LOOKi~6 ~:N 
ON 
59 58 


30 31 
COWPONENTSIDE 
57 56 


32 33 
OF PC 80ARO 
55 5. 


3. 
36 38 .0 
.2 
••• 
6 48 50 
53 52 


35 37 39 
., 
.3 
.5 
.7 
.9 
51 


58-Pin Package 
(Pin Grid Array - Top View) 


ACH5/PO.5 


ACH./PO.' 


ANGNO 


VREF 


VpO 


EXTINT/P2.2 


RESET 


RXO/P2.1 


TXO/P2.0 


PI.O 


Pl.l 


PI.2 


PI.3 
Pl.. 


HSIO 


HSI1 


HSI2/HSO' 


AOO/P3.0 


A01/P3.1 


A02/P3.2 


A03/P3.3 


AO./P3.' 


A05/P3.5 


A06/P3.6 


A07/P3.7 


A08/P •. 0 


A09/P4.1 


A010/P4.2 


AOll/P'.3 


AOI2/P4.4 


A013/P4.5 


AOU/P4.6 


A015/P4.7 


T2CLK/P2.3 


on 
0 
"1 
"! " '" 
N 
'" ~ :: ": ~I~I~~ 
>- 
0 
0 
ii1 
~ 0 0 
0 
VI 
VI 
;;: 
;;: 
;;: 
VI 
VI 
> 
> ~ 
~ 
:z: 
:z: 
:z: 
:z: 
:z: 
... 
,-'" 
'- 
~I~I~~ 
'"Vi 
:z: 
... 
~ 


270250-43 


/, 


68 


67 


66 


65 


64 


63 


62 


61 


60 


59 


58 


57 


56 


55 


54 


53 


52 
., 
51 


2 
3 
4 
5 
6 
7 
8 
9 
10 11 12 13 14 15 16 17 L 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


33 
3. 


50 49 48 47 46 45 •• 
43 42 41 40 39 38 37 36 35 
•• 


WCS"'-96 
68 PIN 
LEAOLESSCHIP CARRIER 
TYPE "8" 
(EPROW ONLY) 


TOP VIEW 
LOOKINGDOWNON 
COWPONENTSIDE 


OF PC 80ARO 


inter 


PGAI 
PLCC 
Description 
PGAI 
PLCC 
Description 
PGAI 
PLCC 
Description 
LCC 
LCC 
LCC 


1 
9 
ACH7 /PO. 7/PMOD.3 
24 
54 
AD6/P3.6 
47 
31 
P1.6 


2 
8 
ACH6/PO.6/PMOD.2 
25 
53 
AD7/P3.7 
48 
30 
P1.5 


3 
7 
ACH2/PO.2 
26 
52 
AD8/P4.0 
49 
29 
HSO.1 


4 
6 
ACHO/PO.O 
27 
51 
AD9/P4.1 
50 
28 
HSO.O 


5 
5 
ACH1/PO.1 
28 
50 
AD10/P4.2 
51 
27 
HSO.5/HSI.3 


6 
4 
ACH3/PO.3 
29 
49 
AD11/P4.3 
52 
26 
HSO.4/HSI.2 


7 
3 
NMI 
30 
48 
AD12/P4.4 
53 
25 
HSI.1 


8 
2 
EA 
31 
47 
AD13/P4.5 
54 
24 
HSI.O 


9 
1 
VCC 
32 
46 
AD14/P4.6 
55 
23 
P1.4 


10 
68 
VSS 
33 
45 
AD15/P4.7 
56 
22 
P1.3 


11 
67 
XTAL1 
34 
44 
T2CLK/P2.3 
57 
21 
P1.2 


12 
66 
XTAL2 
35 
43 
READY 
58 
20 
P1.1 


13 
65 
CLKOUT 
36 
42 
T2RST/P2.4 
59 
19 
P1.0 


14 
64 
BUSWIDTH 
37 
41 
BHE/WRH 
60 
18 
TXD/P2.0/PVER/SALE 


15 
63 
INST 
38 
40 
WR/WRL 
61 
17 
RXD/P2.1/PALE 


16 
62 
ALE/ADV 
39 
39 
PWM/P2.5/PDO/SPROG 
62 
16 
RESET 


17 
61 
RD 
40 
38 
P2.7 
63 
15 
EXTINT /P2.2/PROG 


18 
60 
ADO/P3.0 
41 
37 
VPP 
64 
14 
VPD 


19 
59 
AD1/P3.1 
42 
36 
VSS 
65 
13 
VREF 


20 
58 
AD2/P3.2 
43 
35 
HSO.3 
66 
12 
ANGND 


21 
57 
AD3/P3.3 
44 
34 
HSO.2 
67 
11 
ACH4/PO.4/PMOD.0 


22 
56 
AD4/P3.4 
45 
33 
P2.6 
68 
10 
ACH5/PO.5/PMOD.1 


23 
55 
AD5/P3.5 
46 
32 
P1.7 


255 
POWER-DOWN 
RAM 
240 


239 
INTERNAL 
REGISTER FILE 
(RAM) 


26 


OFOH •••• 
-; 


OEFH 


STACK POINTER 


IOS1 


10SO 


RESERVEO 


SP_STAT 


10 PORT 2 


10 PORT 1 


10 PORT 0 


TIMER2 (HI) 


TIMER2 (LO) 


TIMER1 (HI) 


TIMER1 (LO) 


INT-PENDING 


INT_MASK 


SBUF (RX) 


HSLSTATUS 


HSLTIME 
(HI) 


HSLTIME 
(LO) 


AD_RESULT 
(HI) 


AO_RESULT (LO) 


RO (HI) 


RO (LO) 


5 


4 
EXTERNAL MEMORY 


OR I/O 
3 


2 


1 
INTERNAL PROGRAM 
STORAGE ROM/EPROM 
20 
OR 


19 
EXTERNAL MEMORY 


18 
RESERVED 
17 
SECURITY KEY 
16 
RESERVED 
15 
SELF JUMP OPCODE (27H FEH) 


14 
RESERVED 
13 
CHIP CONFIGURATION BYTE 
12 
RESERVED 


11 


10 
INTERRUPT VECTORS 
9 


8 


7 
PORT 4 


6 
PORT 3 


5 
EXTERNAL MEMORY 


4 
OR I/O 


3 
INTERNAL RAM 


2 
REGISTER FILE 
STACK POINTER 
1 
SPECIAL FUNCTION REGISTERS 


0 
(WHEN ACCESSED AS OATA MEMORY) 


STACK POINTER 


PWM_CONTROL 


lOCI 


lOCO 


RESERVED 


SP_CON 


10 PORT 2 


10 PORT 1 


BAUD_RATE 


RESERVED 


WATCHDOG 


INT-PENDING 


INT-MASK 


SBUF (TX) 


HSO_COMMAND 


HSO_ TIME (HI) 


HSO_TIME (LO) 


HSLMODE 


AD_COMMANO 


RO (HI) 


RO (LO) 


2080H 


2030H 
- 207FH 


2020H 
- 202FH 


201 CH - 201 FH 


20tAH 
- 201 BH 


2019H 


2018H 


2012H 
- 2017H 


2000H 


lFFFH 


1FFEH 


inter 


Mnemonic 
Oper- 
,Operation (Note 1) 
Flags 
Notes 
ands 
Z 
N 
C 
V 
VT 
ST 


AOO/AOOB 
2 
O+-O+A 
v 
v 
v 
v 
i 
- 


AOO/AOOB 
3 
O+-B+A 
v 
v 
v 
v 
i 
- 


AOOC/AOOCB 
2 
O+-O+A+C 
-1. 
v 
v 
v 
i 
- 


SUB/SUBB 
2 
O+-O-A 
v 
v 
v 
v 
i 
- 


SUB/SUBB 
3 
O+-B-A 
v 
v 
v 
v 
i 
- 


SUBC/SUBCB 
2 
o +- 
0-A+C-1 
-1. 
v 
v 
v 
i 
- 


CMP/CMPB 
2 
O-A 
v 
v 
v 
v 
i 
- 
MUL/MULU 
2 
0,0+ 
2 +- 
O· A 
- - - - - 
? 
2 


MUL/MULU 
3 
0,0 
+ 2 +- 
B· A 
- - - - - 
? 
2 


MULB/MULUB 
2 
0,0 
+ 1 +- 
O'A 
- 
- 
- 
- 
- 
? 
3 


MULB/MULUB 
3 
0,0 
+ 1 +- 
B' 
A 
- - - - - 
? 
3 


OIVU 
2 
o +- 
(0, 0 + 2)/ A, 0 + 2 
+- 
remainder 
- - - 
v 
i 
- 
2 


OIVUB 
2 
o +- 
(0,0+ 
1)/A, 0 + 1 
+- 
remainder 
- - - 
v 
i 
- 
3 


OIV 
2 
o +- 
(0, 0 + 2)/ A, 0 + 2 
+- 
remainder 
- - - 
? 
i 
- 
OIVB 
2 
o +- 
(0,0 
+ 1)/A, 0 + 1 
+- 
remainder 
- - - 
? 
i 
- 
ANO/ANOB 
2 
o +- 
OandA 
v 
v 
0 
0 
- 
- 
ANO/ANOB 
3 
o +- 
BandA 
v 
v 
0 
0 
- 
- 
OR/ORB 
2 
o +- 
DorA 
t 
v 
v 
0 
0 
- 
- 
XOR/XORB 
2 
o +- 
0 (excl. or) A 
v 
v 
0 
0 
- 
- 
LO/LOB 
2 
O+-A 
- - - - - 
- 
ST/STB 
2 
A+-O 
- - - - - 
- 


LOBSE 
2 
0+-A;0+1 
+- 
SIGN(A) 
- - - - - - 
3,4 


LOBZE 
2 
o +- 
A;O + 1 +-0 
- 
- - - - - 
3,4 
PUSH 
1 
SP +- 
SP - 
2; (SP) +- 
A 
- - - - - - 
POP 
1 
A +- 
(SP); SP +- 
SP + 2 
- - - - - 
- 
PUSHF 
0 
SP +- 
SP - 
2; (SP) +- 
PSW; 
0 
0 
0 
0 
0 
0 
PSW +- 
OOOOH 
I+-O 


POPF 
0 
PSW +- 
(SP); SP +- 
SP + 2; 
I+-v 
V 
V 
V 
V 
V 
v 


SJMP 
1 
PC +- 
PC + 11-bit offset 
- - - - - 
- 
5 


LJMP 
1 
PC +- 
PC + 16-bit offset 
- - - - - 
- 
5 
BR [indirect] 
1 
PC +- 
(A) 
- - - - - 
- 
SCALL 
1 
SP +- 
SP - 
2; (SP) +- 
PC; 
- - - 
- 
- 
- 
5 
PC +- 
PC + 11-bit offset 


LCALL 
1 
SP +- 
SP - 
2; (SP) +- 
PC; 
- - - 
- 
- 
- 
5 
PC +- 
PC + 16-bit offset 


RET 
0 
PC +- 
(SP); SP +- 
SP + 2 
- - 
- 
- 
- 
- 
J (conditional) 
1 
PC +- 
PC + 8-bit offset (if taken) 
- - - - - 
- 
5 
JC 
1 
Jump ifC = 1 
- - - 
- 
- 
- 
5 
JNC 
1 
JumpifC 
= 0 
- 
- - - - 
- 
5 
JE 
1 
Jump if Z = 1 
- 
- - - 
- 
- 
5 


NOTES: 
1. If the mnemonic ends in "B", a byte operation is performed, otherwise a word operation is done. Operands D, B, and A 
must conform to the alignment rules for the required operand type. D and B are locations in the Register File; A can be 
located anywhere in memory. 
2. D, D + 2 are consecutive WORDS in memory; D is DOUBLE-WORD aligned. 
3. D, D + 1 are consecutive BYTES in memory; D is WORD aligned. 
4. Changes a byte to a word. 
5. Offset is a 2's complement number. 


inter 


Mnemonic 
Oper- 
Operation (Note 1) 
Flags 
Notes 
ands 
Z 
N 
C 
V 
VT 
ST 


JNE 
1 
Jump if Z = 0 
- - - - - 
- 
5 


JGE 
1 
Jump if N = 0 
- 
- - - - 
- 
5 


JLT 
1 
Jump ifN = 1 
- 
- - - - 
- 
5 


JGT 
1 
Jump if N = 0 and Z = 0 
- - - - - 
- 
5 


JLE 
1 
Jump if N = 1 or Z = 1 
- 
- 
- - - 
- 
5 


JH 
1 
Jump if C = 1 and Z = 0 
- 
- - - - 
- 
5 


JNH 
1 
Jump if C = 0 or Z = 1 
- - - - - 
- 
5 


JV 
1 
Jump if V = 1 
- 
- 
- - - 
- 
5 


JNV 
1 
Jump if V = 0 
- - - - - 
- 
5 


JVT 
1 
Jump if VT = 1; Clear VT 
- - - - 
0 
- 
5 


JNVT 
1 
Jump if VT = 0; Clear VT 
- - - - 
0 
- 
5 


JST 
1 
Jump ifST = 1 
- - - - - - 
5 


JNST 
1 
JumpifST 
= 0 
- - - - - - 
5 


JBS 
3 
Jump if Specified Bit = 1 
- - - - - 
- 
5,6 


JBC 
3 
Jump if Specified Bit = 0 
- - - - - - 
5,6 


DJNZ 
1 
D +- 
D - 
1; if D* 0 then 
PC +- 
PC + 8-bit offset 
- - - - - - 
5 


DEC/DECB 
1 
D+-D-1 
"" 
"" 
"" 
"" 
t 
- 
NEG/NEGB 
1 
D+-O-D 
"" 
"" 
"" 
"" 
t 
- 
INC/INCB 
1 
D+-D+1 
"" 
"" 
"" 
"" 
t 
- 
EXT 
1 
D +- 
D;D + 2 +- 
Sign (D) 
"" 
"" 
0 
0 
- 
- 
2 


EXTB 
1 
D+-D;D+1 
+- 
Sign(D) 
"" 
"" 
0 
0 
- 
- 
3 
NaT/NaTB 
1 
D +- 
Logical Not (D) 
"" 
"" 
0 
0 
- 
- 
CLR/CLRB 
1 
D+-O 
1 
0 
0 
0 
- 
- 
SHL/SHLB/SHLL 
2 
C +- 
msb-----Isb 
+- 
0 
"" 
? 


"" 
"" 
t 
- 
7 
SHRISHRB/SHRL 
2 
0-+ 
msb-----Isb 
-+ 
C 
"" 
? 
"" 
0 
- 


"" 
7 
SHRAISHRAB/SHRAL 
2 
msb -+ 
msb-----Isb 
-+ 
C 
"" 
"" 
"" 
0 - 
"" 
7 
SETC 
0 
C+-1 
- - 
1 - - - 
CLRC 
0 
C+-O 
- 
- 
0 - - - 
CLRVT 
0 
VT +- 
0 
- 
- - - 
0 - 
RST 
0 
PC +- 
2080H 
0 
0 
0 
0 
0 
0 
8 
DI 
0 
Disable All Interrupts (I +- 
0) 
- - - - - 
- 
EI 
0 
Enable All Interrupts (I +- 
1) 
- - - - - - 
Nap 
0 
PC+-PC+1 
- - - - - 
- 
SKIP 
0 
PC+-PC+2 
- - - - - 
- 
NaRML 
2 
Left shift till msb = 1; D +- 
shift count 
"" 
? 
0 - - 
- 
7 
TRAP 
0 
SP +- 
SP - 
2; (SP) +- 
PC 
PC +- 
(2010H) 
- 
- - - - 
- 
9 


NOTES: 
1. If the mnemonic ends in "S", a byte operation is performed, otherwise a word operation is done. Operands 0, S and A 
must conform to the alignment rules for the required operand type. 0 and S are locations in the Register File; A can be 
located anywhere in memory. 
5. Offset is a 2's complement number. 
6. Specified bit is one of the 2048 bits in the register file. 
7. The "L" (Long) suffix indicates double-word operation. 
8. Initiates a Reset by pulling RESET low. Software should re-initialize all the necessary registers with code starting at 
2080H. 
9. The assembler will not accept this mnemonic. 


inter 


DIRECT 
IMMEDIATE 
INDIRECT@ 
INDEXED~ 


NORMAL 
AUTO-INC. 
SHORT 
LONG 


u 
'" 
Z 
Q 
ee> 
ee> 
z 
w 
w 
w 
19", 
19", 
w 
0 
C 
Q '" 
W'" 
Q '" 
W'" 
Q '" 
'" 
Q '" 
wffi '" 
wffi 
:. 
IE: 
0 
W 
0 
W 
0 
W 
Ww 
w 
Ww 
0 
w 
w 
~w 
"'w 
~:. 
~:. 
~:I 
~:. 
w 
w 
~ t: 
~ t: i!:. 
u t: 
t: 
u t: 
t: 
z 
A- 
... :. 
A- 
~F 
tiF 
A- 
~F 
~F 
:. 
0 
0 
ID 
",F 
0 
ID 
",F 
0 
ID 
ID 
0 
ID 
ID 


ARITHMETIC 
INSTRUCTIONS 


ADD 
2 
64 
3 
4 
65 
4 
5 
66 
3 
6/11 
3 
7/12 
67 
4 
6/11 
5 
7/12 


ADD 
3 
44 
4 
5 
45 
5 
6 
46 
4 
7/12 
4 
8/13 
47 
5 
7/12 
6 
8/13 


ADDB 
2 
74 
3 
4 
75 
3 
4 
76 
3 
6/11 
3 
7/12 
77 
4 
6/11 
5 
7/12 


ADDB 
3 
54 
4 
5 
55 
4 
5 
56 
4 
7/12 
4 
8/13 
57 
5 
7/12 
6 
8/13 


ADDC 
2 
A4 
3 
4 
A5 
4 
5 
A6 
3 
6/11 
3 
7/12 
A7 
4 
6/11 
5 
7/12 


ADDCB 
2 
B4 
3 
4 
B5 
3 
4 
B6 
3 
6/11 
3 
7/12 
B7 
4 
6/11 
5 
7/12 


SUB 
2 
68 
3 
4 
69 
4 
5 
6A 
3 
6/11 
3 
7/12 
6B 
4 
6/11 
5 
7/12 


SUB 
3 
48 
4 
5 
49 
5 
6 
4A 
4 
7/12 
4 
8/13 
4B 
5 
7/12 
6 
8/13 


SUBB 
2 
78 
3 
4 
79 
3 
4 
7A 
3 
6/11 
3 
7/12 
7B 
4 
6/11 
5 
7/12 


SUBB 
3 
58 
4 
5 
59 
4 
5 
5A 
4 
7/12 
4 
8/13 
5B 
5 
7/12 
6 
8/13 


SUBC 
2 
A8 
3 
4 
A9 
4 
5 
AA 
3 
6111 
3 
7/12 
AB 
4 
6/11 
5 
7/12 


SUBCB 
2 
B8 
3 
4 
B9 
3 
4 
BA 
3 
6/11 
3 
7/12 
BB 
4 
6/11 
5 
7/12 


CMP 
2 
88 
3 
4 
89 
4 
5 
8A 
3 
6111 
3 
7/12 
8B 
4 
6111 
5 
7/12 


CMPB 
2 
98 
3 
4 
99 
3 
4 
9A 
3 
6111 
3 
7/12 
9B 
4 
6111 
5 
7/12 


MULU 
2 
6C 
3 
25 
60 
4 
26 
6E 
3 
27/32 
3 
28/33 
6F 
4 
27/32 
5 
28/33 


MULU 
3 
4C 
4 
26 
40 
5 
27 
4E 
4 
28/33 
4 
29/34 
4F 
5 
28133 
6 
29/34 


MULUB 
2 
7C 
3 
17 
70 
3 
17 
7E 
3 
19/24 
3 
20125 
7F 
4 
19124 
5 
20/25 


MULUB 
3 
5C 
4 
18 
50 
4 
18 
5E 
4 
20125 
4 
21/26 
5F 
5 
20125 
6 
21/26 


MUL 
2 
C%> 
4 
29 
C%> 
5 
30 
C%> 
4 
31/36 
4 
32/37 
C%> 
5 
31/36 
6 
32137 


MUL 
3 
C%> 
5 
30 
C%> 
6 
31 
C%> 
5 
32/37 
5 
33/38 
<2> 
6 
32137 
7 
33/38 


MULB 
2 
C%> 
4 
21 
(%) 
4 
21 
<2> 
4 
23128 
4 
24/29 
(%) 
5 
23/28 
6 
24/29 


MULB 
3 
C%> 
5 
22 
<2> 
5 
22 
C%> 
5 
24/29 
5 
25/30 
(%) 
6 
24/29 
7 
25/30 


D1VU 
2 
8C 
3 
25 
80 
4 
26 
8E 
3 
28/32 
3 
29/33 
8F 
4 
28132 
5 
29/33 


DIVUB 
2 
9C 
3 
17 
90 
3 
17 
9E 
3 
20/24 
3 
21/25 
9F 
4 
20/24 
5 
21/25 


DIV 
2 
C%> 
4 
29 
C%> 
5 
30 
C%> 
4 
32/36 
4 
33137 
C%> 
5 
32/36 
6 
33137 


D1VB 
2 
C%> 
4 
21 
C%> 
4 
21 
C%> 
4 
24/28 
4 
25/29 
'C%> 
5 
24/28 
6 
25/29 


NOTES: 
-Long 
indexed 
and Indirect + instructions 
have identical 
opcodes 
with Short 
indexed 
and Indirect 
modes, 
respectively. 
The 
second 
byte of instructions 
using 
any Indirect 
or indexed 
addressing 
mode 
specifies 
the exact 
mode 
used. 
If the 
second 
byte is even, 
use Indirect 
or Short 
indexed. 
If it is odd, use Indirect + or Long indexed. 
In all cases 
the second 
byte of the 
instruction 
always 
specifies 
an even (word) 
location 
for the address 
referenced. 
(j) Number 
of state times 
shown 
for internal/external 
operands. 
® The 
opcodes 
for signed 
multiply 
and divide 
are the 
opcodes 
for the 
unsigned 
functions 
with 
an "FE" 
appended 
as a 
prefix. 
@ State times 
shown 
for 16·bit bus. 


INDIRECT@ 
INDEXED@ 


DIRECT 
IMMEDIATE 
NORMAL 
AUTO-INC. 
SHORT 
LONG 


0 
tn 
Z 
Q 
W 
W 
w 
8i 
8@ 
z 
w 
8tn 
8tn 
0 
C 
Q 
tn 
Q 
tn 
Q 
tn 
tn 
Q 
tn 
tn 
-tn 
:IE 
0 
Wtn 
0 
Wtn 
0 
Ww 
Ww 
0 
Ww 
Ww 
II: 
W 
~w 
W 
~w 
W 
~:IE 
W 
~:IE 
W 
~:IE 
W 
!C:IE 
W 
W 
0 
~ 
0 ~ 
0 
~ 
~ 
~ 
~ 
~ 
Z 
Do. 
Do. 
~i! 
Do. 
~:IE 
Do. 
t;~ 
~- 
t;~ 
t;~ 
:IE 
0 
0 
CD 
tn~ 
0 
CD 
tn~ 
0 
CD 
CD 
tn~ 
0 
CD 
CD 


LOGICAL INSTRUCTIONS 


AND 
2 
60 
3 
4 
61 
4 
5 
62 
3 
6/11 
3 
7/12 
63 
4 
6/11 
5 
7/12 


AND 
3 
40 
4 
5 
41 
5 
6 
42 
4 
7/12 
4 
8/13 
43 
5 
7/12 
6 
8/13 


ANDB 
2 
70 
3 
4 
71 
3 
4 
72 
3 
6/11 
3 
7/12 
73 
4 
6/11 
5 
7/12 


ANDB 
3 
50 
4 
5 
51 
4 
5 
52 
4 
7/12 
4 
8/13 
53 
5 
7/12 
6 
8/13 


OR 
2 
80 
3 
4 
81 
4 
5 
82 
3 
6/11 
3 
7/12 
83 
4 
6111 
5 
7/12 


ORB 
2 
90 
3 
4 
91 
3 
4 
92 
3 
6/11 
3 
7/12 
93 
4 
6/11 
5 
7/12 


XOR 
2 
84 
3 
4 
85 
4 
5 
86 
3 
6/11 
3 
7/12 
87 
4 
6/11 
5 
7/12 


XORB 
2 
94 
3 
4 
95 
3 
4 
96 
3 
6/11 
3 
7/12 
97 
4 
6/11 
5 
7/12 


DATA TRANSFER INSTRUCTIONS 


LD 
2 
AO 
3 
4 
AI 
4 
5 
A2 
3 
6/11 
3 
7/12 
A3 
4 
6/11 
5 
7/12 


LDB 
2 
BO 
3 
4 
BI 
3 
4 
B2 
3 
6/11 
3 
7/12 
B3 
4 
6/11 
5 
7/12 


ST 
2 
CO 
3 
4 
- 
- 
-- 
C2 
3 
7/11 
3 
8/12 
C3 
4 
7/11 
5 
8/12 


STB 
2 
C4 
3 
4 
- 
- 
- 
C6 
3 
7/11 
3 
8/12 
C7 
4 
7/11 
5 
8/12 


LDBSE 
2 
BC 
3 
4 
BD 
3 
4 
BE 
3 
6/11 
3 
7/12 
BF 
4 
6111 
5 
7/12 


LDBZE 
2 
AC 
3 
4 
AD 
3 
4 
AE 
3 
6111 
3 
7/12 
AF 
4 
6/11 
5 
7/12 


STACK OPERATIONS (Internal atack) 


PUSH 
I 
C8 
2 
8 
C9 
3 
8 
CA 
2 
11/15 
2 
12116 
CB 
3 
11/15 
4 
12116 


POP 
1 
CC 
2 
12 
- 
- 
- 
CE 
2 
14/18 
2 
14/18 
CF 
3 
14/18 
4 
14/18 


PUSHF 
0 
F2 
1 
8 


POPF 
0 
F3 
1 
9 
STACK OPERATIONS (external atack) 


PUSH 
1 
C8 
2 
12 
C9 
3 
12 
CA 
2 
15/19 
2 
16/20 
CB 
3 
15/19 
4 
16120 


POP 
I 
CC 
2 
14 
- 
- 
- 
CE 
2 
16/20 
2 
16/20 
CF 
3 
16/20 
4 
16/20 


PUSHF 
0 
F2 
1 
12 


POPF 
0 
F3 
1 
13 


JUMPS AND CALLS 


MNEMONIC 
OPCODE 
BYTES 
STATES 
MNEMONIC 
OPCODE 
BYTES 
STATES 


UMP 
E7 
3 
8 
LCALL 
EF 
3 
13/16$ 


SJMP 
20-27® 
2 
8 
SCALL 
28-2F® 
2 
13/16$ 


BR! ) 
E3 
2 
8 
RET 
FO 
I 
12116$ 


TRAM> 
F7 
I 
21/24 


NOTES: 
<DNumber of state times shown for internal/external operands. 


Q) The assembler does not accept this mnemonic. 


@) The least significant 3 bits of the opcode are concatenated with the following 8 bits to form an 11-bit, 2's complement, 
offset for the relative call or jump. 
~ State times for stack located internal! external. 
<il State times shown for 16-bit bus. 


All conditional 
jumps are 2 byte instructions. 
They require 8 state times if the jump is taken, 4 if it is noU8) 


MNEMONIC 
OPCODE 
MNEMONIC 
OPCODE 
MNEMONIC 
OPCODE 
MNEMONIC 
OPCODE 


JC 
DB 
JE 
OF 
JGE 
06 
JGT 
02 


JNC 
03 
JNE 
07 
JLT 
DE 
JLE 
OA 


JH 
09 
JV 
DO 
JVT 
DC 
JST 
08 


JNH 
01 
JNV 
05 
JNVT 
04 
JNST 
DO 


These 
instructions 
are 3-byte instructions. 
They require 9 state times if the jump is taken, 5 if it is not.(8) 


BIT NUMBER 


MNEMONIC 
0 
1 
2 
3 
4 
5 
6 
7 


JBC 
30 
31 
32 
33 
34 
35 
36 
37 


JBS 
38 
39 
3A 
3B 
3C 
3D 
3E 
3F 


MNEMONIC 


OJN;Z 


OPCODE 


EO 


LOOP CONTROL 


BYTES 
3 


STATE 
TIMES 


5/9 STATE TIME (NOT TAKEN/TAKEN)(8) 


MNEMONIC 
OPCODE 
BYTES 
STATES(8) 
MNEMONIC 
OPCODE 
BYTES 
STATES(8) 


OEC 
05 
2 
4 
EXT 
06 
2 
4 


OECB 
15 
2 
4 
EXTB 
16 
2 
4 


NEG 
03 
2 
4 
NOT 
02 
2 
4 


NEGB 
13 
2 
4 
NOTB 
12 
2 
4 


INC 
07 
2 
4 
CLR 
01 
2 
4 


INCB 
17 
2 
4 
CLRB 
11 
2 
4 


INSTR 
WORD 
INSTR 
BYTE 
INSTR 
DBLWD 
STATE 
TIMES(8) 
MNEMONIC 
OP 
B 
MNEMONIC 
OP 
B 
MNEMONIC 
OP 
B 


SHL 
09 
3 
SHLB 
19 
3 
SHLL 
00 
3 
7 + 1 PER SHIFT(?) 


SHR 
08 
3 
SHRB 
18 
3 
SHRL 
OC 
3 
7 + 1 PER SHIFT(?) 


SHRA 
OA 
3 
SHRAB 
lA 
3 
SHRAL 
OE 
3 
7 + 1 PER SHIFT(?) 


MNEMONIC 
OPCODE 
BYTES 
STATES(8) 
MNEMONIC 
OPCODE 
BYTES 
STATES(8) 


SETC 
F9 
1 
4 
01 
FA 
1 
4 


CLRC 
F8 
1 
4 
EI 
FB 
1 
4 


CLRVT 
FC 
1 
4 
NOP 
FO 
1 
4 


RST(6) 
FF 
1 
166 
SKIP 
00 
2 
4 


MNEMONIC 


NORML 


NOTES: 
6. This 
instruction 
takes 
2 states 
to pull RESET 
low, then 
holds 
it low for 2 states 
to initiate 
a reset. 
The reset 
takes 
12 
states, 
at which 
time the program 
restarts 
at location 
2080H. 
If a capacitor 
is tied to RESET, 
the pin may take longer 
to go 
low and may never 
reach the VOL specification. 
7. Execution 
will take at least 8 states, 
even for 0 shift. 


8. State times 
shown 
for 16-bit bus. 


inter 


~] 


CHANNEL * SELECTS WHICH OF THE 8 


1 
ANALOG INPUT CHANNELS 
IS TO BE 
CONVERTED TO OIGITAL FORM. 


: 
GO INDICATES WHEN THE CONVERSION 
IS TO 


BE INITIATED (GO = 1 MEANS START NOW, 
GO = 0 MEANS THE CONVERSION 
IS TO BE 


INITIATED BY THE HSO UNIT AT A SPECIFk%~I~Jl51 


STATUS: 


0= AID 
CURRENTLY 
IDLE 
I = CONVERSION 
IN PROCESS 


X 


X 


AID 
RESULT: 
LEAST SIGNIFICANT 
2 BITS 


o 
} 
W 
I 
R 
I 
2 
T 
E 
3 


BiTt, 
BITO SPECIFY THE MODE 


00 = MODE 0 
10=MODE 
2 


01 = MODE 1 
11 = MODE 3 


PEN 
ENABLE THE PARITY FUNCTION 


REN 
ENABLES THE RECEIVE FUNCTION 


HSI.O MODE 


HSI.l 
MODE 


HSI.2 
MODE 


HSI.3 
MODE 


WHERE EACH 2 - BIT MODE CONTROL 
FIELD 


DEFINES ONE OF 4 POSSIBLE 
MODES: 


R 
5 
E 
A 
o 
7 


TI 
IS THE TRANSMIT INTERRUPT FLAG 


RI 
IS THE RECEIVE INTERRUPT FLAG 


RB8 
IS THE 9TH DATA RECEIVED 
(IF NOT PARITY) 


RPE 
IS THE PARITY ERROR INDICATOR 
(IF PARITY ACTIVE) 


00 
8 POSITIVE TRANSITIONS 


01 
EACH POSITIVE TRANSITION 
10 
EACH NEGATIVE TRANSITION 
II 
EVERY TRANSITION 
(POSITIVE 
AND NEGATIVE) 


Mode o· Baud = XTAL1 frequency . B oF0 


. Rate 
4'(B + 1) 
, 


Others: 
Baud = XTAL1 frequency 
Rate 
64' (B + 1) 


Using T2CL~: 
CHANNEL: 


0-5 
HSO.O - HSO.5 


BIT: 
0 16 
HSO.O AND HSO.I 
7 
HSO.2 
AND HSO.3 


8-B 
SOFTWARE TIMERS 


E 
RESET TIMER2 


3 
F 
START AID 
CONVERSION 


4 
INTERRUPT I NO INTERRUPT 


5 
SETI CLEAR 


6 
TIMER 2/TIMER 
I, 


7 
X 


M d 
D· Baud _ T2CLK frequency. 
oe·Rate- 
B 
,BoFO 


Oth 
. 
Baud _ T2CLK frequency. 
ers. 
Rate - 
16'B 
' B oF0 


Note that B cannot equal 0, except when using 
XTALl in other than Mode 0. 


HSI.O STATUS 


HSI.I 
STATUS 


HSI.2 
STATUS 


HSI.3 
STATUS 


WHERE FOR EACH 2 - BIT STATUS FIELD THE LOWER 
BIT INDICATES WHETHER OR NOT AN EVENT HAS 
OCCUREO ON THIS PIN AND THE UPPER BIT INDICATES 
THE CURRENT STATUS OF THE PIN. 


inter 


HSI.O 
INPUT 
ENABLE 
/ 
DISABLE 


TIMER 
2 RESET EACH 
WRITE 


HSI.l 
INPUT 
ENABLE / 
DISABLE 


TIMER 
2 EXTERNAL 
RESET ENABLE 
/ 
DISABLE 


HSI.2 
INPUT 
ENABLE 
/ 
DISABLE 


TIMER 
2 RESET SOURCE 
HSI.O / 
T2RST 


HSI.3 
INPUT 
ENABLE/DISABLE 


TIMER 
2 CLOCK 
SOURCE 
HSI.l 
/ 
T2CLK 


270250-54 


T2RST --<> •_.IOCO.5 
I~ 
--0---- T2 
RESET 
~~ 


• _. 
IOCO.3 


·-·IOCO.O 


HSI.O 
J'o-------- 
HSI 


• _. 
IOCO.2 
r>"-o------- HSI 


HSI.l 
~-------- 
TIMER2 


T2CLK --<> :_. IOCO.7 
CLOCK 


·-·IOCO.4 


HSI.2 --<>"-0-------- 
HSI 


~ -. 
IOCO.6 


HSI.3 --<>~-------- 
KSI 


270250-55 


HSO.O 
CURRENT 
STATE 


HSO.l 
CURRENT 
STATE 


HSO.2 
CURRENT 
STATE 


HSO.3 
CURRENT 
STATE 


4 
HSO.4 
CURRENT 
STATE 


5 
HSO.5 
CURRENT 
STATE 


6 
CAM QB HOLDING 
REGISTER 
IS FULL 


7 
HSO 
HOLDING 
REGISTER 
IS FULL 


270250-56 


SELECT 
PWM / 
SELECT 
P2.5 


EXTERNAL 
INTERRUPT 
ACH7 / 
EXTINT 


TIMER 
1 OVERFLOW 
INTERRUPT 
ENABLE/DISABLE 


TIMER 
2 OVERFLOW 
INTERRUPT 
ENABLE / 
DISABLE 


HSO.4 
OUTPUT 
ENABLE / 
DISABLE 


SELECT 
TXD / 
SELECT 
P2.0 


HSO.5 
OUTPUT 
ENABLE / 
DISABLE 


HSI 
INTERRUPT 
FIFO FULL / 
-HO-L-D-IN-G-R-E-G-IS-T-ER-LO-A-D-E-D 


Vector 
Location 
Vector 
(High 
(Low 
Priority 


Byte) 
Byte) 


Software 
2011H 
2010H 
Not Applicable 


Extint 
200FH 
200EH 
7 (Highest) 


Serial Port 
200DH 
200CH 
6 
Software 
200BH 
200AH 
5 
Timers 
HSI.O 
2009H 
2008H 
4 
High Speed 
2007H 
2006H 
3 


Outputs 
HSI Data 
2005H 
2004H 
2 
Available 
AID 
Conversion 
2003H 
2002H 
1 


Complete 
Timer Overflow 
2001H 
2000H 
o (Lowest) 


1051 (16H) 


0 
SOFTWARE 
TIMER 
0 EXPIRED 


SOFTWARE 
TIMER 
1 EXPIRED 


2 
SOFTWARE 
TIMER 
2 EXPIRED 


3 
SOFTWARE 
TIMER 
3 EXPIRED 


4 
TIMER 
2 HAS 
OVERFLOW 


5 
TIMER 
1 HAS 
OVERFLOW 


6 
HSI 
FIFO 
IS FULL 


7 
HSI 
HOLDING 
REGISTER 
DATA AVAILABLE 


270250-58 


inter 


RESERVED (Set 
to 
1 for 
compatibility 
with 
future 
parts) 


BUS WIDTH SELECT 
(16-BIT 
BUS/-S--B-IT-B-U-S) 


WRITE STROBE MODE SELECT 
(WR AND BHE/WRL 
AND WRH) 


ADDRESS VALID STROBE SELECT ' 


(ALE/ 
ADV) 


(IRCO) 
} INTERNAL READY 


(IRC1) 
CONTROL MODE 


(LOCO)} 
PROGRAM LOCK 


(LOC1) 
MODE 


270250-59 


IRC1 
IRCO 
Description 


0 
0 
Limit to 1 Wait State 


0 
1 
Limit to 2 Wait States 


1 
0 
Limit to 3 Wait States 


1 
1 
Disable Internal Ready Control 


LOC1 
LOCO 
Protection 


0 
0 
Read and Write Protected 


0 
1 
Read Protected 


1 
0 
Write Protected 


1 
1 
No Protection 


PMODE 
Programming 
Mode 


0-4 
Reserved 


5 
Slave Programming 


6-0BH 
Reserved 


OCH 
Auto Programming 
Mode 


ODH 
Program Configuration 
Byte 


OEH-OFH 
Reserved 


P4.7 
P4.6 
Action 


0 
0 
Word Dump 


0 
1 
Data Verify 


1 
0 
Data Program 


1 
1 
Reserved 


Device 
Signature 
Word 


879XBH 
896FH 
839XBH 
896EH 
809XBH 
Undefined 


Port 
Function 
Alternate 
Function 


P2.0 
Output 
TXD (Serial Port Transmit) 


P2.1 
Input 
RXD (Serial Port Receive) 


P2.2 
Input 
EXTINT (External 
Interrupt) 


P2.3 
Input 
T2CLK (Timer 2 Clock) 


P2.4 
Input 
T2RST (Timer 2 Reset) 


P2.5 
Output 
PWM (Pulse Width Modulation) 


(LOCATION 09H) 


~ 
III 
I I ~ ~i:i~~;:,,, 


HSO EVENT 
HSI BIT 0 
SOFTWARE TIMERS 


'--------- 
SERIAL I/O 


'----------- 
EXTERNAL INTERRUPT 
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This Chapter of the manual is devoted to the hardware 
engineer. All of the information you need to connect 
the correct pin to the correct external circuit is provid- 
ed. Many of the special function pins have different 
characteristics which are under software control, there- 
fore, it is necessary to define the system completely be- 
fore the hardware is wired-up. 


Frequently within this chapter a specification for a cur- 
rent, voltage, or time period is referred to; the values 
provided are to be used as an approximation only. The 
exact specification can be found in the latest data sheet 
for the particular part and temperature range that is 
being used. 


1.0 REQUIRED 
HARDWARE 
CONNECTIONS 


Although the 8096BH is a single-chip microcontroller, 
it still requires several external connections to make it 
work. Power must be applied, a clock source provided, 
and some form of reset circuitry must be present. We 
will look at each of these areas of circuitry separately. 
Figure 6 shows the connections that are needed for a 
single-chip system. 


Power for the 8096BH flows through six pins; they are: 
three positive voltage pins- Vcc (digital), VREF (port 
o digital I/O 
and AID power), VPD (pqwer down 
mode); and three common returns-two 
VSSpins and 
one ANGND 
pin. All six of these pins must be con- 
nected on the 8096BH for normal operation. The Vcc 
pin, VREF pin and VPD pin should be tied to 5 volts. 
The two Vss pins and the ANGND 
pin must be 
grounded. When the analog to digital converter is being 
used it may be desirable to connect the VREF pin to a 
separate power supply, or at least a separate power sup- 
ply line. 


The three common return pins should be connected at 
the chip with as short a lead as possible to avoid prob- 
lems due to voltage drops across the wiring. There 
should be no measurable voltage difference between 
VSSIand VSS2.The two VSSpins and the ANGND pin 
must all be nominally at 0 volts. The maximum current 
drain of the 8096BH is around 180 mA, with all lines 
unloaded. 


When the analog converter is being used, clean, stable 
power must be provided to the analog section of the 
chip to assure highest accuracy. To achieve this, it may 
be desirable to separate the analog power supply from 
the digital power supply. The VREF pin supplies the 
digital circuitry in the AID converter and provides the 
5 volt reference to the analog portion of the converter. 
VREF and ANGND 
must be connec~ed even if the 


AID converter is not used. More information on the 
analog power supply is in Section 3.1. 


Several other connections are needed to configure the 
8096BH. In normal operation the following pins should 
be connected to the indicated power supply. 


Pin 
Power Supply 


NMI 
VCC 
EA 
VCC (to allow internal execution) 
Vss (to force external 
execution) 


Although the EA pin has an internal pulldown, it is 
best to tie this pin to the desired level. This will prevent 
induced noise from disturbing the system. Raising EA 
to + 12.75 volts will place an 8096BH in a special oper- 
ating mode designed for programming and program 
memory verification (see Section 10). 


The 8096BH requires a clock source to operate. This 
clock is provided to the chip through the XTALI in- 
put. The frequency of operation is from 6 MHz to 
12 MHz. 


The on-chip circuitry for the 8096BH oscillator is a 
single stage linear inverter as shown in Figure I. It is 
intended for use as a crystal-controlled, positive reac- 
tance oscillator with external connections as shown in 
Figure 2. In this application, the crystal is being operat- 
ed in its fundamental response mode as an inductive 
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reactance in parallel resonance with shunt capacitance 
external to the crystal. 


The crystal specifications and capacitance values (Cl 
and C2 in Figure 2) are not critical. Thirty pF can be 
used in these positions at any frequency with good 
quality crystals. For 0.5% frequency accuracy, the 
crystal frequency can be specified at series resonance or 


for parallel resonance with any load capacitance. (In 
other words, for that degree of frequency accuracy, the 
load capacitance simply doesn't matter.) For 0.05% 
frequency accuracy the crystal frequency should be 
specified for parallel resonance with 25 pF load capaci- 
tance, if Cl and C2 are 30 pF. 


A more in-depth discussion of crystal specifications and 
the selection of values for Cl and C2 can be found in 
the Intel Application Note, AP-155, "Oscillators for 
Microcontrollers. " 


To drive the 8096BH with an external clock source, 
apply the external clock signal to XTALl 
and let 


XTAL2 float. An example of this circuit is shown in 
Figure 3. The required voltage levels on XTALI 
are 


specified in the data sheet. The signal on XTALl must 
be clean with good solid levels. 


It is important that the minimum high and low times 
are met to avoid having the XTALI pin in the tran- 
sition range for long periods of time. The longer the 
signal is in the transition region, the higher the proba- 
bility that an external noise glitch could be seen by the 
clock generator circuitry. Noise glitches on the 8096BH 
internal clock lines will cause unreliable operation. 


The clock generator provides a 3 phase clock output 
from the XTALI pin input. Figure 4 shows the wave- 
forms of the major internal timing signals. 


XTAL2 


FLOAT 
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PHASE A 
(CLKOUn 


Figure 4. Internal 
Timings 


ternal ROM/EPROM. 
If the voltage on the EA pin 
selects the external execution only mode the CCB is 
read from external memory. See Figure 5. 
In order for the 8096BH to function properly it must be 
reset. This is done by holding the RESET pin low for at 
least 2 state times after the power supply is within toler- 
ance and the oscillator has stabilized. 


After the RESET pin is brought high. a ten state reset 
sequence is executed. During this time. the Chip Con- 
figuration Byte (CCB) is read from location 20l8H and 
written to the 8096BH Chip~onfiguration 
Register 
(CCR). If the voltage on the EA pin selects the inter- 
nal/external execution mode the CCB is read from in- 


There are several ways to provide a good reset to an 
8096BH, the simplest being just to connect a capacitor 
from the reset pin to ground. The capacitor should be 
on the order of 2 microfarads for every millisecond of 
reset time required. This method will only work if the 
rise time of Vcc is fast and the total reset time is less 
than around 50 milliseconds. It also may not work if 
the RESET pin is to be used to reset other parts on the 
board. An 8096BH with the minimum required connec- 
tions is shown in Figure 6. 


\ ""~!m."Fi3<C"" 
U 
U 


CHIP 
CONFIGURA nON 
BYTE 


THE BYTE(8-BIT 
BUS). 
OR WORD( 16-BIT 
BUS). 
AT 2080H 
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NOTES: 
1. These capacitors 
are needed 
only if A to D is used. 
2. VREF 
& ANGND may be connected 
to the same traces as the digital power supply if the A to D is not used. 


Figure 6. Minimum 
Hardware 
Connections 


r1.O!-'F 


1/. 
74SL06 


OR 
11, 7406 


NOTE: 
1. The diode will provide a faster cycle time repetitive power-on-resets. 


The 
8096BH 
RESET 
pin can be used 
to allow 
other 
chips on the board 
to make use of the Watchdog 
Timer 
or the 
RST 
instruction. 
When 
this 
is done 
the 
reset 
hardware 
should 
be a one-shot 
with an open collector 
output. 
The 
reset 
pulse 
going 
to the other 
parts 
may 
have 
to be buffered 
and 
lengthened 
with 
a one-shot, 
since the RESET 
low duration 
is only two state times. 


If this 
is done, 
it is possible 
that 
the 
8096BH 
will be 
reset 
and 
start 
running 
before 
the 
other 
parts 
on the 
board 
are out of reset. 
The software 
must 
account 
for 
this possible 
problem. 


A capacitor 
directly 
connected 
to RESET 
cannot 
be 


used 
to reset 
the 
part 
if the 
pin 
is to be used 
as an 
output. 
If a large 
capacitor 
is used, 
the pin will pull- 
down more slowly than normal. 
It will continue 
to pull- 
down 
until the 8096BH 
is reset. 
It could fall so slowly 


that it never goes below the internal 
switch 
point of the 
reset 
signal 
(I 
to 
1.5 volts), 
a voltage 
which 
may 
be 
above the guaranteed 
switch 
point of external 
circuitry 


connected 
to the 
pin. 
A circuit 
example 
is shown 
in 
Figure 
7. 


1.5 Sync Mode 


If RESET is brought high at the same time as or just 
after the rising edge of XTALl, the part will start exe- 
cuting the 10 state time RST instruction exactly 6'/. 
XTALI cycles later. This feature can be used to syn- 
chronize several MCS-96 devices. A diagram of a typi- 
cal connection is shown in Figure 8. It should be noted 
that parts that start in sync may not stay that way, due 
to propagation delays which may cause the synchroniz- 
ed parts to receive signals at slightly different times. 


1.6 Disabling the Watchdog 
Timer 


The Watchdog Timer will pull the RESET pin low 
when it overflows. See Figure 9. If the pin is being 
externally held above the low going threshold, the pull- 
down transistor will remain on indefinitely. This means 
that once the watchdog overflows, the part must be 
reset or RESET must be held high indefinitely. Just 


resetting the Watchdog Timer in software will not clear 
the flip-flop which keeps the RESET pulldown on. 


The pulldown is capable of sinking on the order of 30 
milliamps if it is held at 2.0 volts. This amount of cur- 
rent may cause some long term reliability problems due 
to localized chip heating. For this reason, parts that 
will be used in production should never have had the 
Watchdog Timer over-ridden for more than a second or 
two. 


Whenever the reset pin is being pulled high while the 
pulldown is on, it should be through a resistor that will 
limit the voltage on RESET to 2.5 volts and the current 
through the pin to 40 milliamps. 


If it is necessary to disable the Watchdog Timer for 
more than a brief test the software solution of never 
initiating the timer should be used. See Section 14 in 
the Architecture Chapter. 


XYAL1 


8098BH 


iiESEi 


WATCHDOG 
TIMER 
OVERFLOW 


RESET INSTRUCTION 
(OFFH) 
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Battery backup can be provided on the 8096BH with a 
I mA current drain at 5 volts. This mode will hold 
locations OFOH through OFFH valid as long as the 
power to the VPD pin remains on. The required timings 
to put the part into power-down and an overview of 
this mode are given in Section 2.3 in the 8096BH Ar- 
chitecture Chapter. 


A 'key' can be written into power-down RAM while 
the part is running. This key can be checked on reset to 
determine if it is a start-up from power-down or a com- 
plete cold start. In this way the validity of the power- 
down RAM can be verified. The length of this key de- 
termines the probability that this procedure will work, 
however, there is always a statistical chance that the 
RAM will power up with a replica of the key. 


Under 
most circumstances, 
the power-fail indicator 


which is used to initiate a power-down condition must 
come from the unfiltered, unregulated section of the 
power supply. The power supply must have sufficient 
storage capacity to operate the 8096BH until it has 
completed its reset operation. 


There are five types of I/O lines on the 8096BH. Of 
these, two are inputs and three are outputs. All of the 
pins of the same type have the same current/voltage 
characteristics. Some of the control input pins, such as 
XTALl and RESET, may have slightly different char- 
acteristics. These pins are discussed in Section I. 


While discussing the characteristics 
of the 110 pins 


some approximate current or voltage specifications will 
be given. The exact specifications are available in the 
lastest version of the data sheet that corresponds to the 
part being used. 


The Quasi-Bidirectional pins of Port I, Port 2.6, and 
Port 2.7 have both input and output port configura- 
tions. They have three distinct states; low impedance 
current sink (Q2), low impedance current source (QI), 
and high impedance current source (Q3). As a low im- 
pedance current sink, the pin has specification of sink- 
ing up to around 0.5 mA, while staying below 0.45 
volts. The pin is placed in this condition by writing a '0' 
to the SFR (Special Function Register) controlling the 
pin. 


Examine Figure 10. When a 'I' is written to the SFR 
location controlling 
the pin, QI 
(a low impedance 


MOSFET pullup) is turned on for one state time, then 
it is turned off and the depletion pullup holds the line at 


a logical 'I' state. The low-impedance pullup is used to 
shorten the rise time of the pin, and has current source 
capability on the order of 100 times that of the deple- 
tion pullup. 


While the depletion mode pullup is the only device on, 
the pin may be used as an input with a leakage of 
around 100 microamps from 0.45 volts to VCC. It is 
ideal for use with TTL or CMOS chips and may even 
be used directly with switches. However if the switch 
option is used, certain precautions should be taken. It is 
important to note that any time the pin is read, the 
value returned will be the value on the pin, not the 
value placed in the control register. This could cause 
logical operations made directly on these pins to inda- 
vertently write a 0 to pins being used as inputs. In order 
to perform logical operations on a port where a quasi- 
bidirectional pin is an input, it is necessary to guarantee 
that the bit associated with the input pin is always a one 
when writing to the port. 


2.2 Quasi-Bidirectional 
Hardware 
Connections 


When using the quasi-bidirectional ports as inputs tied 
to switches, series resistors may be needed if the ports 
will be written to internally after the part is initialized. 
The amount of current sourced to ground from each 
pin is tyically 20 mA or more. Therefore, if all 8 pins 
are tied to ground, 160 mA will be sourced. This is 
equivalent to instantaneously doubling the power used 
by the chip and may cause noise in some applications. 


This potential problem can be solved in hardware or 
software. In software, never write a zero to a pin being 
used as an input. 


In hardware, a IK resistor in series with each pin will 
limit current to a reasonable value without impeding 
the ability to override the high impedance pullup. If all 
8 pins are tied together a 1200 resistor would be rea- 
sonable. The problem is not quite as severe when the 
inputs are tied to electronic devices instead of switches, 
as most external pulldowns will not hold 20 mA to 0.0 
volts. 


Writing to a Quasi-Bidirectional Port with electronic 
devices attached to the pins requires special attention. 
Consider using PI.O as an input and trying to toggle 
P 1.1 as an output: 


ORB 
IOPORT1, 
#OOOOOOOlB 


XORB IOPORT1, 
#OOOOOOlOB 


Set PLO 
for input 
Complement 
PLl 


The first instruction 
will work as expected but two 


problems can occur when the second instruction exe- 
cutes. The first is that even though PI.I is being driven 


LOW 
IMPEDANCE 
PULLUP 
01 
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-160 
".A 
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270246-12 


NOTE: 
These graphs show typicalpin capabilities.they are not guaranteed specifications 


high by the 8096BH it is possible that it is being held 
low externally. This typically happens when the port 
pin is used to drive the base of an NPN transistor 
which in turn drives whatever there is in the outside 
world which needs to be toggled. The base of the tran- 
sistor will clamp the port pin to the transistor's Vbe 
above ground, typically O.7V. The 8096BH will input 
this value as a zero even if a one has been written to the 
port pin. When this happens the XORB instruction will 
always write a one to the port pin's SFR and the pin 
will not toggle. 


The second problem, which is related to the first, is that 
if P1.0 happens to be driven to a zero when Port 1 is 
read by the XORB instruction, then the XORB will 
write a zero to P1.0 and it will no longer be useable as 
an input. 


driver design. A series resistor between the port pin and 
the base of the transistor often works by bringing up 
the voltage present on the port pin. The second case can 
be taken care of in the software fairly easily: 


LDB 
AL, 
IOPORTl 
XORB AL, 
#OlOB 
ORB 
AL, 
#OOlB 
STB 
AL, 
IOPORTl 


A software solution to both cases is to keep a byte in 
RAM as an image of the data to be output to the port; 
any time the software wants to modify the data on the 
port it can then modify the image byte and copy it to 
the port. 


If a switch is used on a long line connected to a quasi- 
bidirectional pin, a pullup resistor is recommended to 
reduce the possibility of noise glitches and to decrease 
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the rise time of the line. On extremely long lines that 
are handling slow signals, a capacitor may be helpful in 
addition to the resistor to reduce noise. 


The high impedance input pins on the 8096BH have an 
input leakage of a few microamps and are predominant- 
ly capacitive loads on the order of 10 pF. 


Port 0 pins are special in that they may individually be 
used as digital inputs, or as analog inputs. A Port 0 pin 
being used as a digital input acts as the high impedance 
input ports just described. However, Port 0 pins being 
used as analog inputs are required to provide current to 
the internal sample capacitor when a conversion begins. 
This means that the input characteristics of a pin will 
change if a conversion is being done on that pin. See 
Section 3. In either case, if Port 0 is to be used as analog 
or digital I/O, it will be necessary to provide power to 
this port through the VREF pin. 


Ports 3 and 4 on the 8096BH are open drain ports. 
There is no pullup when these pins are used as I/O 
ports. These pins have different characteristics 
when 


used as bus pins as described in the next section. A 
diagram of the output buffers connected to Ports 3 and 
4 and the bus pins is shown in Figure 11. 


When Ports 3 and 4 are to be used as inputs, or as bus 
pins, they must first be written with a 'I'. This will put 
the ports in a high impedance mode. When they are 
used as outputs, a pullup resistor must be used external- 
ly. The sink capability of these pins is on the order of 
0.4 milliamps so the total pullup current to the pin 
must be less than this. A 15K pullup resistor will 
source a maximum of 0.33 milliamps, so it would be a 
reasonable value to choose if no other circuits with 
pullups were connected to the pin. 


~mA~ 
~TYPlCAL 


~~mA 
//:- 


10mA 
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2.5 
HSO Pins, Control Outputs and 
Bus Pins 


The control outputs and HSO pins have output buffers 
with the same output characteristics as those of the bus 
pins. Included in the category of control outputs are: 
TXD, RXD (i~ode 
0), PWM, CLKOUT, 
ALE, 


BHE, RD, and WR. The bus pins have 3 states: output 
high, output low, and high impedance input. As a high 
output, the pins are specified to source around 200 IJ-A 
to 2.4 volts, but the pins can source on the order of ten 
times that value in order to provide the fast rise times. 
When used as a low output, the pins can sink around 
2 mA at 0.45 volts, and considerably more as the volt- 
age increases. When in the high impedance state, the 
pin acts as a capacitive load with a few microamps of 
leakage. Figure II shows the internal configuration of a 
bus pin. 


The on-chip AID converter of the 8096BH can be used 
to digitize analog inputs while analog outputs can be 


generated with either the chip's PWM output or HSO 
unit. This section describes the analog input sugges- 
tions. See Section 4 for analog output. 


The 8096BH's Integrated AID converter includes an 
eight channel analog multiplexer, sample-and-hold cir- 
cuit and lO-bit analog to digital converter (Figure 12). 
The 8096BH can therefore select one of eight analog 
inputs to convert, sample-and-hold the input voltage 
and convert the voltage into a digital value. Each con- 
version takes 22 microseconds, including the time re- 
quired for the sample-hold (with XTALI 
= 12 MHz). 


The method of conversion is successive approximation. 


Section 3.6 contains the definitions of numerous terms 
used in connection with the AID converter. 


The conversion process is initiated by the execution of 
HSO command OFH, or by writing a one to the GO Bit 
in the AID Control Register. Either activity causes a 
start conversion signal to be sent to the AID converter 
control logic. If an HSO command was used, the con- 
version process will begin when Timer I increments. 
This aids applications attempting to approach spectral- 
ly pure sampling, since successive samples spaced by 
equal Timer I delays will occur with a variance of 
about ±50 ns (assuming a stable clock on XTALl). 
However, conversions initiated by writing a one to the 
ADCON register GO Bit will start within three state 
times after the instruction has completed execution re- 
sulting in a variance of about 0.75 
/-Ls (XTALl 
= 
12 MHz). 


Once the AID unit receives a start conversion signal, 
there is a one state time delay before sampling (sample 
delay) while the successive approximation register is re- 
set and the proper multiplexer channel is selected. Af- 
ter the sample delay, the multiplexer output is connect- 
ed to the sample capacitor and remains connected for 
four state times (sample time). After this four state time 
"sample window" closes, the input to the sample capac- 
itor is disconnected from the multiplexer so that chang- 
es on the input pin will not alter the stored charge while 
the conversion is in progress. The comparator is then 
auto-zeroed and the conversion begins. The sample de- 
lay and sample time uncertainties are each approxi- 
mately ± 50 ns, independent of clock speed. 


To perform the actual analog-to-digital conversion the 
8096BH implements a successive approximation algo- 
rithm. The converter hardware consists of a 256-resis- 
tor ladder, a comparator, 
coupling capacitors and a 
IO-bit successive approximation 
register (SAR) with 
logic that guides the process. The resistor ladder pro- 
vides 20 mV steps (VREF = 5.12y), while capacitive 
coupling is used to create 5 mV steps within the 20 mV 
ladder voltages. Therefore, 1024 internal reference volt- 
ages are available for comparison against the analog 
input to generate a IO-bit conversion result. 


A successive approximation conversion is performed by 
comparing a sequence of reference voltages, to the ana- 
log input, in a binary search for the reference voltage 
that most closely matches the input. The '/2 full scale 
reference voltage is the first tested. This corresponds to 
a IO-bit result where the most significant bit is zero, 
and all other bits are ones (OllUll 
1.11b). If the ana- 
log input was less than the test voltage, bit 10 of the 
SAR is left a zero, and a new test voltage of Y. full scale 
(0011.1111.11b) is tried. If this test voltage was lower 
than the analog input, bit 9 of the SAR is set and bit 8 
is cleared for the next test (0101.1II 1.1Ib). This binary 
search continues until 10 tests have occurred, at which 
time the valid IO-bit conversion result resides in the 
SAR where it can be read by software. 


The total number of state times required is 88 for a 
IO-bit conversion. Attempting to short-cycle the IO-bit 
conversion process by reading AID results before the 
done bit is set is not recommended. 


The external interface circuitry to an analog input is 
highly dependent upon the application, and can impact 
converter characteristics. In the external circuit's de- 
sign, important factors such as input pin leakage, sam- 
ple capacitor size and multiplexer series resistance from 
the input pin to the sample capacitor must be consid- 
ered. 


For the 8096BH, these factors are idealized in Figure 
13. The external input circuit must be able to charge a 
sample capacitor (Cs) through a series resistance (RI) 
to an accurate voltage given a D.C. leakage (lL). On the 
8096BH, Cs is around 2 pF, RI is around 5 Kn and IL 
is specified as 3 /-LA maximum. In determining the nec- 
essary source impedance Rs, the value of VBIASis not 
important. 


External circuits with source impedances of I Kn or 
less will be able to maintain an input voltage within a 
tolerance of about 
±0.61 LSB (1.0 Kn X 3.0 /-LA 
= 3.0 mY) given the D.C. leakage. Source impedances 
above 2 Kn can result in an external error of at least 
one LSB due to the voltage drop caused by the I /-LA 
leakage. In addition, source impedances above 25 Kn 
may degrade converter accuracy as a result of the inter- 
nal sample capacitor not being fully charged during the 
I /-Ls (12 MHz clock) sample window. 


It is important to note that source impedance require- 
ments relax if an external capacitor of sufficient size is 
attached directly to the analog input pin. Since the in- 
ternal sample capacitor is around 2.0 pF, an external 
0.005 
/-LF capacitor (2048 X 2.0 pF) should provide an 
accurate input voltage to ±0.5 LSB. If there is leakage 
on the capacitor, the value of the capacitor must be 
increased to compensate for the leakage. For example, 
assuming just the 3 /-LA D.C. leakage caused by the 
8096BH, 0.6 mV (less than 0.15 LSB) will be lost from 
a 0.005 /-LF capacitor in I /-Ls. Therefore, the capacitor 
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connected externally to the pin should be at least 0.005 
/LF if the source impedance is too large to provide the 
needed accuracy on its own. However, if the external 
signal changes slowly, it is recommended that the larg- 
est acceptable capacitance be used, given the input sig- 
nal frequency. 


Placing a~ external capacitor on each analog input will 
also reduce the sensitivity to noise, as the capacitor 
combines with series resistance in the external circuit to 
form a low-pass filter. In practice, one should include a 
small series resistance prior to the external capacitor on 
the analog input pin and choose the -largest capacitor 
value practical, given the frequency of the signal being 
converted. This provides a low-pass filter on the input, 
while the resistor will also limit input current during 
over-voltage conditions. 


Figure 14 shows a simple analog interface circuit based 
upon the discussion above. The circuit in the figure also 
provides limited protection against over-voltage condi- 
tions on the analog input. Should the input voltage in- 
appropriately drop significantly below ground, diode 
D2 will forward bias at about 0.8 DCV. Since the speci- 
fication of the pin has an absolute maximum low volt- 
age rating of -0.3 
DCV, this will leave about 0.5 DCV 


across the 270.0. resistor, or about 2.0 mA of current. 
This should limit current to a safe amount. However, 
before any circuit is used in an actual application, it 
should be thoroughly analyzed for applicability to the 
specific problem at hand. 


Reference supply levels strongly influence the absolute 
accuracy of the conversion. For this reason, it is recom- 
mended that the ANGND pin be tied to the two VSS 
pins as close to the chip as possible with minimum trace 
length. Bypass capacitors should also be used between 
VREF and ANGND. ANGND should be within about 
a tenth of a volt VSS' VREF should be well regulated 
and used only for the AID converter. The VREFsupply 
can be between 4.5V and 5.5V and needs to be able to 
source around 5 mA. Figure 6 shows all of these con- 
nections. 


Note that if only ratiometric information is desired, 
VREF can be connected to VCC' In addition, VREF 


and ANGND must be connected even if the AID con- 
verter is not being used. Remember that Port 0 receives 
its power from the VREFand ANGND pins even when 
it is used as digital 1/0. 


The conversion result is a lO-bit ratiometric representa- 
tion of the input voltage, so the numerical value ob- 
tained from the conversion will be: 


This produces a stair-stepped transfer function when 
the output code is plotted versus input voltage (see Fig- 
ure 15). The resulting digital codes can be taken as 
simple ratiometric information, or they can be used to 
provide information about absolute voltages or relative 
voltage changes on the inputs. The more demanding 
the application is on the AID converter, the more im- 
portant it is'to fully understand the converter's opera- 
tion. For simple applications, knowing the absolute er- 
ror of the converter is sufficient. However, closing a 
servo-loop with analog inputs necessitates a detailed 
understanding of an AID converter's operation and er- 
rors. 


The errors inherent in an analog-to-digital conversion 
process are many: quantizing error; zero offset; full- 
scale error; differential non-linearity; and non-linearity. 
These are "transfer function" errors related to the AID 
converter. 
In addition, 
converter 
temperature 
drift, 


Vcc rejection, sample-hold feedthrough, 
multiplexer 


off-isolation, channel-to-channel matching and random 
noise should be considered. Fortunately, one "Absolute 
Error" 
specification is available which describes the 


sum total of all deviations between the actual conver- 
sion process and an ideal converter. However, the vari- 
ous sub-components of error are important 
in many 


applications. These error components are described in 
Section 3.5 and in the text below where ideal and actual 
converters are compared. 


An unavoidable error simply results from the conver- 
sion of a continuous voltage to an integer digital repre- 
sentation. This error is called quantizing error, and is 
always ±0.5 LSB. Quantizing error is the only error 
seen in a perfect AID converter, and is obviously pres- 
ent in actual converters. Figure 15 shows the transfer 
function for an ideal 3-bit AID converter (i.e. the Ideal 
Characteristic). 


Note that in Figure 15 the Ideal Characteristic possess- 
es unique qualities: it's first code transition occurs when 
the input voltage is 0.5 LSB; it's full-scale code tran- 
sition occurs when the input voltage equals the full- 
scale reference minus 1.5 LSB; and it's code widths are 
all exactly one LSB. These qualities result in a digitiza- 
tion without offset, full-scale or linearity errors. In oth- 
er words, a perfect conversion. 
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Figure 16 shows an Actual Characteristic of a hypo- 
thetical 3-bit converter, which is not perfect. When the 
Ideal Characteristic is overlaid with the imperfect char- 
acteristic, the actual converter is seen to exhibit errors 
in the location of the first and final code transitions and 
code widths. The deviation of the first code transition 
from ideal is called "zero offset", and the deviation of 
the final code transition from ideal is "full-scale error". 
The deviation of the code widths from ideal causes two 
types of errors. Differential Non-Linearity and Non- 
Linearity. Differential Non-Linearity is a local linearity 
error measurement, whereas Non-Linearity is an over- 
all linearity error measure. 


Differential Non-Linearity is the degree to which actual 
code widths differ from the ideal one LSB width. Dif- 
ferential Non-Linearity gives the user a measure of how 
much the input voltage may have changed in order to 
produce a one count change in the conversion result. 
Non-Linearity is the worst case deviation of code tran- 
sitions from the corresponding code transitions of the 
Ideal 
Characteristic. 
Non"Linearity 
describes 
how 


much Differential Non-Linearities could add up to pro- 
duce an overall maximum departure from a linear char- 
acteristic. If the Differential Non-Linearity errors are 
too large, it is possible for an AID converter to miss 
codes or exhibit non-monotonicity. Neither behavior is 
desireable in a closed-loop system. A converter has no 
missed codes if there exists for each output code a 
unique input voltage range that produces that code 
only. A converter is monotonic if every subsequent 
code change represents an input voltage change in the 
same direction. 


Differential 
Non-Linearity 
and 
Non-Linearity 
are 


quantified by measuring the Terminal Based Linearity 
Errors. A Terminal Based Characteristic results when 
an Actual Characteristic is shifted and rotated to elimi- 
nate zero offset and full-scale error (see Figure 17). The 
Terminal Based Characteristic is similar to the Actual 
Characteristic that would be seen if zero offset and full- 
scale error were externally trimmed away. In practice, 
this is done by using input circuits which include gain 
and offset trimming. In addition, VREF on the 8096BH 
could also be closely regulated and trimmed within the 
specified range to affect full-scale error. 


Other factors that affect a real AID Converter system 
include sensitivity to temperature, failure to completely 


. reject all unwanted signals, multiplexer channel dissim- 


ilarities and random noise. Fortunately these effects are 
small. 


Temperature sensitivities are described by the rate at 
which typical specifications change with a change in 
temperature. 


Undesired signals come from three main sources. First, 
noise on VCC-VCC 
Rejection. Second, input signal 


changes on the channel being converted after the sam- 
ple window has closed-Feedthrough. 
Third, signals 


applied to channels not selected by the multiplexer- 
Off-Isolation. 


Finally, multiplexer on-channel resistances differ slight- 
ly from one channel t6 the next causing Channel-to- 
Channel Matching errors, and random noise in general 
results in Repeatability errors. 


ABSOLUTE 
ERROR-The 
maximum difference be- 


tween corresponding actual and ideal code transitions. 
Absolute Error accounts for all deviations of an actual 
converter from an ideal converter. 


ACTUAL CHARACTERISTIC-The 
characteristic of 


an actual converter. The characteristic of a given con- 
verter may vary over t<;mperature, supply voltage, and 
frequency conditions. An Actual Characteristic rarely 
has ideal first and last transition locations or ideal code 
widths. It may even vary over multiple conversion un- 
der the same conditions. 


BREAK-BEFORE-MAKE-The 
property of a multi- 


plexer which guarantees 
that 
a previously selected 


channel will be deselected before a new channel is se- 
lected. 
(e.g. 
the 
converter 
will 
not 
short 
inputs 


together.) 


CHANNEL- TO-CHANNEL 
MATCHING-The 
dif- 


ference between corresponding code transitions of actu- 
al characteristics taken from different channels under 


. the same temperature, 
voltage and frequency condi- 


tions. 


intJ 


CHARACfERISTIC-A 
graph of input voltage ver- 


sus the resultant output code for an AID converter. It 
describes the transfer function of the AID converter. 


CODE CENTER-The 
voltage corresponding to the 


midpoint between two adjacent code transitions. 


CODE TRANSmON- 
The point at which the con- 


verter changes from an output code of Q, to a code of 
Q + I. The input voltage corresponding to a code tran- 
sition is defined to be that voltage which is equally like- 
ly to produce either of two adjacent codes. 


CODE 
WIDTH-The 
voltage corresponding 
to the 


difference between two adjacent code transitions. 


D.C. INPUT LEAKAGE-Leakage 
current to ground 


from an analog input pin. 


DIFFERENTIAL 
NON-LINEARITY-The 
differ- 


ence between the ideal and actual code widths of the 
terminal based characteristic of a converter. 


FEEDTHROUGH-Attenuation 
of a voltage applied 


on the selected channel of the AID converter after the 
sample window closes. 


FULL SCALE ERROR-The 
difference between the 


expected and actual input voltage corresponding to the 
full scale code transition. 


IDEAL CHARACfERISTIC-A 
characteristic 
with 


its first code transition at VIN = 0.5 LSB, its last code 
transition at VIN = (VREF - 
1.5 LSB) and all code 


widths equal to one LSB. 


INPUT RESISTANCE-The 
effective series resistance 


from the analog input pin to the sample capacitor. 


LSD-LEAST 
SIGNIFICANT 
BIT: The voltage value 


corresponding to the full scale voltage divided by 2°, 
where n is the number of bits of resolution of the con- 
verter. For a IO-bit converter with a reference voltage 
of 5.12 volts, one LSB is 5.0 mY. Note that this is 
different than digital LSBs, since an uncertainty of two 
LSB, when referring to an AID 
converter, 
equals 


10 mY. (This has been confused with an uncertainty of 
two digital bits, which would mean four counts, or 
20 mV.) 


MONOTONIC-The 
property of successive approxi- 


mation converters which guarantees that increasing in- 
put voltages produce adjacent codes of increasing value, 
and that decreasing input voltages produce adjacent 
codes of decreasing value. 


NO MISSED 
CODES-For 
each and every output 


code, there exists a unique input voltage range which 
produces that code only. 


NON-LINEARITY-The 
maximum deviation of code 


transitions of the terminal based characteristic from the 
corresponding code transitions of the ideal characteris- 
tics. 


Ul"l"·lSULATIUN-Attenuation 
ot a voltage appllea 
on a deselected channel of the AID converter. (Also 
referred to as Crosstalk.) 


REPEATABILITY-The 
difference 
between 
corre- 


sponding code transitions from different actual charac- 
teristics taken from the same converter on the same 
channel at the same temperature, voltage and frequency 
conditions. 


RESOLUTION-The 
number of input voltage levels 


that the converter can unambiguously distinguish be- 
tween. Also defines the number of useful bits of infor- 
mation which the converter can return. 


SAMPLE DELAY-The 
delay from receiving the start 


conversion signal to when the sample window opens. 


SAMPLE 
DELAY UNCERTAINTY-The 
variation 


in the Sample Delay. 


SAMPLE TIME-The 
time that the sample window is 


open. 


SAMPLE TIME UNCERTAINTY-The 
variation in 


the sample time. 


SAMPLE WINDOW-Begins 
when the sample capac- 


itor is attached to a selected channel and ends when the 
sample capacitor 
is disconnected 
from the selected 


channel. 


SUCCESSIVE 
APPROXIMATION-An 
AID 
con- 


version method which uses a binary search to arrive at 
the best digital representation of an analog input. 


TEMPERATURE 
COEFFICIENT8--Change 
in the 


stated 
variable 
per 
degree 
centigrade 
temperature 


change. Temperature coefficients are added to the typi- 
cal values of a specification to see the effect of tempera-. 
ture drift. 


TEKMINAL .lSAISElJ\;t1AKA\;lEKllSllL--An 
AC- 


tual Characteristic which as been rotated and translat- 
ed to remove zero offset and full-scale error. 


VCC REJECTION-Attenuation 
of noise on the Vcc 


line to the AID converter. 


ZERO OFFSET-The 
difference between the expected 


and actual input voltage corresponding to the first code 
transition. 


Analog outputs can be generated by two methods, ei- 
ther by using the PWM output or the HSO. Either 
device will generate a rectangular pulse train that varies 
in duty cycle and (for the HSO only) period. If a 
smooth analog signal is desired as an output, the rec- 
tangular waveform must be filtered. 


In most cases this filtering is best done after the signal 
is buffered to make it swing from 0 to 5 volts since both 
of the outputs are guaranteed only to TTL levels. A 
block diagram of the type of circuit needed is shown in 
Figure 18. By proper selection of components, account- 
ing for temperature and power supply drift, a highly 
accurate 8-bit D to A converter can be made using ei- 
ther the HSO or the PWM output. Figure 19shows two 
typical circuits. If the HSO is used the accuracy could 
be theoretically extended to 16-bits, however the tem- 
perature and noise related problems would be extreme- 
ly hard to handle. 


When driving some circuits it may be desirable to use 
unfiltered Pulse Width Modulation. This is particularly 
true for motor drive circuits. The PWM output can be 
used to generate these waveforms if a fixed period on 
the order of 64 /Ls is acceptable. If this is not the case 
then the HSO unit can be used. The HSO can generate 
a variable waveform with a duty cycle variable in up to 
65536 steps and a period of up to 131 milliseconds. 
Both of these outputs produce TTL levels. 
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The I/O pins on the 8096BH are sampled and changed 
at specific times within an instruction cycle. The chang- 
es occur relative to the internal phases shown in Figure 
4. Note that the delay from XTALI 
to the internal 


clocks range from about 30 ns to 100 ns over process 
and temperature. Signals generated by internal phases 
are further delayed by 5 ns to 15 ns. The timings shown 
in this section are idealized; no propagation delay fac- 
tors have been taken into account. Designing a system 
that depends on an I/O pin to change within a window 
of less than 50 ns using the information in this section is 
not recommended. 


Changes in the HSO lines are synchronized to Timer I. 
All of the external HSO lines due to change at a certain 
value of a timer will change just pior to the increment- 
ing of Timer I. This corresponds to an internal change 


during Phase B every eight state times. From an exter- 
nal perspective the HSO pin should change just prior to 
the rising edge of CLKOUT and be stable by its falling 
edge. Information from the HSO can be latched on the 
CLKOUT falling edge. Internal events can occur any- 
time during the 8 state time window. 


Timer 2 is synchronized to increment no faster than 
Timer I, so there will always be at least one increment- 
ing of Timer I while Timer 2 is at a specific value. 


Th~ HSI pins are sampled internally once each state 
time. Any value on these pins must remain stable for at 
least I full state time to guarantee that it is recognized. 
The actual sample occurs at the end of Phase A, which, 
due to propagation delay, is just after the rising edge of 
CLKOUT. Therefore, if information is to be synchro- 
nized to the HSI it should be latched-in on CLKOUT 


inter 


falling. The time restriction applies even if the divide by 
eight mode is being used. If two events occur on the 
same pin within the same 8 state time window, only one 
of the events will be recorded. If the events occur on 
different pins they will always be recorded, regardless 
of the time difference. The 8 state time window, (i.e. the 
amount of time during which Timer I remains con- 
stant), is stable to within about 20 ns. The window 
starts roughly around the rising edge of CLKOUT, 
however this timing is very approximate due to the 
amount of internal circuitry involved. 


Port 0 is different from the other digital ports in that it 
is actually part of the AID converter. The port is sam- 
pled once every state time, however, sampling is not 
synchronized to Timer I. If this port is used, the input 
signal on the pin must be stable one state time before 
the reading of the SFR. 


Port I and Port 2 have quasi-bidirectional I/O pins. 
When used as inputs the data on these pins must be 
stable one state time prior to reading the SFR. This 
timing is also valid for the input-only pins of Port 2 and 
is similar to the HSI in that the sample occurs just after 
the rising edge of CLKOUT. When used as outputs, the 
quasi-bidirectional pins will change state shortly after 
CLKOUT falls. If the change was from '0' to a 'I' the 
low impedance pullup will remain on for one state time 
after the change. 


Ports 
3 and 4 are addressed as off-chip memory- 


mapped I/O. The port pins will change state shortly 
after the rising edge of CLKOUT. When these pins are 
used as Ports 3 and 4 they are open drains, their struc- 
ture is different when they are used as part of the bus. 
See Section 10.4 of the 8096BH Architecture chapter. 
Additional information on port reconstruction is avail- 
able in Section 7.8 of this chapter. 


The serial port on the 8096BH was designed to be com- 
patible with the 8051 serial port. Since the 8051 uses a 
divide by 2 clock and the 8096BH uses a divide by 3, 
the serial port on the 8096BH had to be provided with 
its own clock circuit to maximize its compatibility with 
the 8051 at high baud rates. This means that the serial 
port itself does not know about state times. There is 
circuitry which is synchronized to the serial port and to 


the rest of the 8096BH so that information can be 
passed back and forth. 


The baud rate generator is clocked by either XTALI or 
T2CLK. Because T2CLK needs to be synchronized to 
the XTALI signal its speed must be limited to 'I,. that 
ofXTALI. 
The serial port will not function during the 


time between the consecutive writes to the baud rate 
register. Section 11.4of the 8096BH Architecture chap- 
ter discusses programming the baud rate generator. 


Mode 0 is the shift register mode. The TXD pin sends 
out a clock train, while the RXD pin transmits or re- 
ceives the data. Figure 20 shows the waveforms and 
timing. Note that the port starts functioning when a '0' 
is written to the REN (Receiver Enable) bit in the serial 
port control register. If REN is already high, clearing 
the RI flag will start a reception. 


In this mode the serial port can be used to expand the 
I/O capability of the 8096BH by simply adding shift 
registers. A schematic of a typical circuit is shown in 
Figure 21. This circuit inverts the data coming in, so it 
must be reinverted in software. The enable and latch 
connections to the shift registers can be driven by de- 
coders, rather than directly from the low speed I/O 
ports, if the software and hardware are properly de- 
signed. 


Mode 1 operation of the serial port makes use of IO-bit 
data packages, a start bit, 8 data bits and a stop bit. The 
transmit and receive functions are controlled by sepa- 
rate shift clocks. The transmit shift clock starts when 
the baud rate generator is initialized, the receive shift 
clock is reset when a 'I to 0' transition (start bit) is 
received. The transmit clock may therefore not be in 
sync with the receive clock, although they will both be 
at the same frequency. 


The TI (Transmit Interrupt) 
and RI (Receive Inter- 


rupt) flags are set to indicate when operations are com- 
plete. TI is set when the last data bit of the message has 
been sent, not when the stop bit is sent. If an attempt to 
send another byte is made before the stop bit is sent the 
port will hold off transmission until the stop bit is com- 
plete. RI is set when 8 data bits are received, not when 
the stop bit is received. Note that when the serial port 
status register is read both TI and RI are cleared. 
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Caution should be used when using the serial port to 
connect more than two devices in half-duplex, (i.e. one 
wire for transmit and receive). If the receiving proces- 
sor does not wait for one bit time after RI is set before 
starting to transmit, the stop bit on the link could be 
squashed. This could cause a problem for other devices 
listening on the link. 


Modes 2 and 3 operate in a manner similar to that of 
Mode I. The only difference is that the data is now 
made up of 9 bits, so II-bit packages are transmitted 
and received. This means that TI and RI will be set on 
the 9th data bit rather than the 8th. The 9th bit can be 
used for parity or multiple processor communications 
(see Section II of the 8096BH Architecture chapter). 


7.0 
BUS TIMING 
AND MEMORY 
INTERFACE 


7.1 
Bus Functionality 


The 8096BH has a multiplexed 
(address/data) 
bus 


which can be dynamically configured to have an 8-bit 
or 16-bit data width. There are control lines to demulti- 
plex the bus (ALE or ADY), indicate reads (RD), indi- 
cate writes (WRL and WRH, or WR with BHE and 
ADO), and a signal to indicate accesses that are for an 
instruction fetch (INST). Section 3.5 of the 8096BH 
Architecture chapter contains an overview of the bus 
operation. 


intJ 


Figure 22 shows the timing of the bus signals and data 
lines. Please refer to the latest data sheet for the exact 
device you are using to ensure that your system is de- 
signed to the proper specifications. The major timing 
specifications are described in Figure 23. 


When the processor has to address a memory location 
that cannot respond within the standard specifications, 
it is necessary to use the READY line to generate wait 
states. When the READY line is held low, the proces- 
sor waits in a loop for the line to come high or until the 


--~--------_. 
• 
--- .'..-- -----. 


NOTES: 
1. When 
ALE function 
is selected, 
the signal is always 
high for TLHLL. 
When ADV function 
is selected, 
the signal is high 
for at least TLHLL. 
2. The dotted 
line applies 
for all a-bit bus writes 
and 16·bit bus writes 
with the write 
strobe 
mode 
selected. 


3. a-bit bus only. 


inter 


number 
of inserted 
wait states is equal to the limit set in 
the Chip 
Configuration 
Register 
(see Section 
2 of the 
MCS-96 
Architecture 
chapter). 
There 
is a maximum 
time 
that 
the 
READY 
line can be held 
low without 
risking 
a processor 
malfunction 
due to dynamic 
nodes 
that 
have 
not 
been 
refreshed 
during 
the 
wait 
states. 
This time is shown 
as TYL YH in the data sheet. 


In most cases the READY 
line is brought 
low after the 
address 
is decoded 
and it is determined 
that a wait state 
is needed. 
It is very likely that some addresses, 
such as 
those 
addressing 
memory 
mapped 
peripherals, 
would 
need 
wait states, 
and others 
would 
not. The READY 
line must be stable within 
the TLL YV specification 
af- 
ter ALE 
falls or the processor 
could 
lock-up. 
There 
is 
no requirement 
as to when 
READY 
may go high, 
as 
long as the maximum 
READY 
low time (TYL YH) 
is 
not violated. 
To ensure 
that 
only one wait state 
is in- 
serted it is necessary 
to provide 
external 
circuitry 
which 
brings 
READY 
high TLL YH after 
the falling 
edge of 
ALE/ ADV, 
or program 
the Chip Configuration 
Regis- 
ter to select a Ready 
Control 
limit of one. 


Internally, 
the chip latches 
READY 
on the first falling 
edge of Phase A after ALE/ ADV falls. Phase A is butT- 
ered 
and 
brought 
out 
externally 
as CLOCKOUT, 
so 
CLOCKOUT 
is a delayed 
Phase 
A. If a I is seen, the 
bus cycle proceeds 
uninterrupted 
with no wait state in- 
sertions. 
If a 0 is seen, one wait state (3 Tosc) is insert- 
ed. 


If a wait state is inserted, 
READY 
is internally 
latched 
on the next rising edge of Phase 
A. If a I is found 
the 
bus cycle resumes 
with the net impact 
being the inser- 
tion of one wait state. If a 0 is seen, a second 
wait state 
is inserted. 


The 
READY 
pin is again 
latched 
on the 
next 
rising 
edge of CLOCKOUT 
if two wait states 
were inserted. 
If the chip sees a I, the bus cycle is resumed 
with the 
result being an insertion 
of two wait states." If another 
0 
is seen, a third wait state is inserted 
in the bus cycle and 
the READY 
pin is again latched 
on the following 
rising 
edge of CLOCKOUT. 
If internal 
Ready 
Control 
is not 
used, 
the 
READY 
line must 
at this 
point 
be a I to 
ensure 
proper 
operation. 


after the 8096BH 
outputs 
a valid address. 
Nominally, 
a maximum 
of 5 Tosc periods. 


Timings the Memory System Must 
Meet 


TLL YH-ALE/ 
ADV 
low to READY 
high: 
Maxi- 
mum 
time 
after 
ALE/ ADV 
falls 
until 
READY 
is 
brought 
high 
to ensure 
no more 
wait 
states. 
If this 
time 
is exceeded 
unexpected 
wait 
states 
may 
result. 
Nominally 
I Tosc + 3 Tosc 
X number 
of wait states 
desired. 


TLLYV-ALE/ADV 
low 
to 
READY 
low: 
Maxi- 
mum 
time after ALE/ ADV 
falls until READY 
must 
be valid. 
If this time is exceeded 
the part 
could 
mal- 
function 
necessitating 
a chip reset. Nominally 
2 Tosc 
periods. 


TCL YX-READY 
hold 
after 
CLOCKOUT 
low: 
Minimum 
time 
that 
the 
value 
on the 
READY 
pin 
must be valid after CLOCKOUT 
falls. The minimum 
hold time is always 
zero nanoseconds. 


TYL YH-READY 
low to READY 
high: Maximum 
time 
the 
part 
can be in the not-ready 
state. 
If it is 
exceeded, 
the 8096BH 
dynamic 
nodes which hold the 
current 
instruction 
may 'forget' 
how to finish the in- 
struction. 


TAVDV-ADDRESS 
valid 
to DATA 
valid: 
Maxi- 


mum 
time that 
the memory 
has to output 
valid data 


TAVGV-ADDRESS 
valid 
to BUSWIDTH 
valid: 


Maximum 
time after ADDRESS 
becomes 
valid until 
BUSWIDTH 
must 
be valid. 
Nominally 
less than 
2 
Tosc periods. 


TLLGV-ALE/ 
ADV 
low 
to 
BUSWIDTH 
valid: 
Maximum 
time 
after 
ALE/ ADV 
is low until 
BU- 
SWIDTH 
must be valid. 
If this time is exceeded 
the 
part 
could 
malfunction 
necessitating 
a chip 
reset. 


Nominally 
less than 
I Tosc. 


TLLGX-BUSWIDTH 
hold 
after 
ALE/ ADV 
low: 
Minimum 
time that BUSWIDTH 
must be valid after 
ALE/ ADV 
is low Nominally 
I Tosc. 


TRLDV-READ 
low 
to 
DATA 
valid: 
Maximum 
time that the memory 
has to output 
data after READ 
goes low. Nominally, 
a maximum 
of 3 Tosc periods. 


TRHDZ-READ 
high 
to DATA 
float: 
Time 
after 
READ 
is high until 
the memory 
must 
float the bus. 


The memory 
signal can be removed 
as soon as READ 
is not low, and must be removed 
within 
the specified 
maximum 
time from when READ 
is high. Nominally 
a maximum 
of I Tosc period. 


TRHDX-DA 
T A hold after READ 
goes high: Mini- 
mum time that memory 
must hold input DATA 
valid 
after 
RD 
is high. 
The hold time minimum 
is always 
zero nanoseconds. 


inter 


Timings the 8096 Will Provide 


TOHCH-XTALI 
high to CLOCKOUT high: Delay 


from the rising edge of XTAL I to the resultant rising 
edge on CLOCKOUT. Needed in systems where the 
signal driving XTALI is also used as a clock for ex- 
ternal devices. Typically 50 to 100nanoseconds. 


TCHCH-CLKOUT 
high to CLKOUT high: The 


period of CLKOUT and the duration of one state 
time. Always 3 Tosc average, but individual periods 
could vary by a few nanoseconds. 


TCHCL-CLKOUT 
high to CLKOUT low: Nomi- 
nally I Tosc period. 


TCLLH-CLKOUT 
low to ALE high: A help in de- 


riving other timings. Typically plus or minus 5 ns to 
10 ns. 


TCLVL-CLOCKOUT 
low to ALE/ADV low: A 


help in deriving other timings. Nominally I Tosc. 


TLLCH-ALE/ 
ADV low to CLKOUT high: Used 


to derive other timings, nominally I Tosc period. 


. TLHLL-ALE/ 
ADV 
high 
to 
ALE/ ADV 
low: 
ALE/ ADV high time. Useful in determining ALE/ 
ADV rising edge to ADDRESS valid time. Nominal- 
ly I Tosc period for ALE and I Tosc for ADV with 
back-to-back bus cycles. 


TAVLL-ADDRESS 
valid 
to 
ALE/ADV 
low: 
Length of time ADDRESS is valid before ALE/ ADV 
falls. Important timing for address latch circuitry. 
Nominally I Tosc period. 


TLLAX-ALE/ 
ADV low to ADDRESS invalid: 
Length of time ADDRESS is valid after ALE/ ADV 
falls. Important timing for address latch circuitry. 
Nominally I Tosc period. 


TLLRL-ALE/ 
ADV low to READ or WRITE low: 
Length of time after ALE/ ADV falls before RD or 
WR fall. Could be needed to ensure that proper mem- 
ory decoding takes place before it is output enabled. 
Nominally I Tosc period. 


TLLHL-ALE/ 
ADV low to WRL, WRH low: Min- 
imum time after ALE/ ADV is low that the write 
strobe signals will go low. Could be needed to ensure 


that proper memory decoding takes place before it is 
output enabled. Nominally 2 Tosc periods. 


TRLRH-READ 
low to READ high: RD pulse 


width, nominally I Tosc period. 


TRHLH-READ 
high to ALE/ ADV high: Time be- 


tween RD going inactive and next ALE/ ADV, also 
used to calculate time between RD inactive and next 
ADDRESS valid. Nominally I Tosc period. 


TRHBX-READ 
high to INST, BHE, ADS-15 In- 


active: Minimum time that the INST and BHE lines 
will be valid after RD goes high. Also the minimum 
time that the upper eight address lines (S-bit bus 
mode) will remain valid after RD goes high. Nomi- 
nally I Tosc. 


TWHBX-WRITE 
high to INST, BHE, ADS-15 


Inactive: Minimum time that the INST and BHE 
lines will be valid after WR goes high. Also the mini- 
mum time that the upper eight address lines (S-bitbus 
mode) will remain valid after WR goes high. Nomi- 
nally I Tosc. 


TWLWH-WRITE 
low to WRITE 
high: Write 


pulse width, nominally 3 Tosc periods. 


THLHH-WRL, 
WRH low to WRL, WRH high: 


Write strobe signal pulse width. Nominally 2 Tosc 
periods. 


TQVHL-OUTPUT 
valid to WRL, WRH low: Min- 


imum time that OUTPUT data is valid prior to write 
strobes becoming active. Needed for interfacing to 
memories that read data on the falling edge of write. 
Nominally I Tosc. 


TQVWH--0UTPUT 
valid to WRITE ~h: 
Time 


that the OUTPUT data is valid before WR is high. 
Nominally 3 Tosc periods. 


TWHQX-WRITE 
high to OUTPUT not valid: 


Time that the OUTPUT data is valid after WR is 
high. Nominally I Tosc period. 


TWHLH-WRITE 
high to ALE/ADV high: Time 


between write high and next ALE/ ADV, also used to 
calculate the time between WR high and next AD- 
DRESS valid. Nominally 2 Tosc periods. 


inter 


The INST (Instruction) line is high during bus cycles 
that are for an instruction fetch and low for any other 
bus cycle. The INST signal (not present on 48-pin ver- 
sions) can be used with a logic analyzer to debug a 
system. In this way it is possible to determine if a fetch 
was for instructions or data, making the task of tracing 
the program much easier. 


The BUSWIDTH pin is a control input which deter- 
mines 
the 
width 
of the 
bus 
access 
in 
progress. 
BUSWIDTH is sampled after the rising edge of the frrst 
CLOCKOUT 
after ALE/ ADV goes low. If a one is 


seen, the bus access progresses as a 16-bit cycle. If a 
zero is seen, the bus access progresses as an 8-bit cycle. 
The BUSWIDTH setup and hold timing requirements 
appear in the data sheet. 


The BUSWIDTH pin can be overridden by causing the 
BUS WIDTH SELECT bit in the Chip Configuration 
Register (CCR) to be zero. This will permanently select 
an 8-bit bus width. However, if the BUS WIDTH SE- 
LECT bit in the CCR is a one, the BUSWIDTH pin 
determines 
the bus width. 
See Section 3.5 of the 


8096BH Architecture chapter. Since the BUSWIDTH 
pin is not availaple on 48-pin parts, the BUS WIDTH 
SELECT bit in the CCR determines bus width. 


7.6 Address Decoding 


The multiplexed bus of the 8096BH must be demulti- 
plexed before it can be used. This can be done with two 
74LS373 transparent latches for an 8096BH in 16-bit 


bus mode, or one 74LS373 for an 8096BH in 8-bit bus 
mode. As explained in Section 3.5 of the 8096BH Ar- 
chitecture chapter, the latched address signals will be 
referred to as MAO through MAl5 (Memory Address), 
and the data lines will be called MOO through MDl5 
(Memory Data). 


Since the 8096BH can make accesses to memory for 
either bytes or words, it is necessary to have a way of 
determining the type of access desired when the bus is 
l6-bits wide. For write cycles, the signals Write Low 
(WRL) and Write High (WRH) are provided. WRL 
will go low during all word writes and during all byte 
writes to an even location. Similarly, WRH will go low 
during all word writes and during all byte writes to an 
odd location. During read cycles, an 8096BH in l6-bit 
bus mode will always do a word read of an even loca- 
tion. If only one byte of the word is needed, the chip 
discards the byte it does not need. 


Since 8096BH memory accesses over an 8-bit wide bus 
are always bytes, only one write strobe is needed for 
write cycles. For this purpose the WRL signal was 
made to go low for all write cycles during 8-bit bus 
accesses. When a word operation is requested, the bus 
controller performs two byte-wide bus cycles. 


In many cases it may be desirable to have a write signal 
with a longer pulse width than WRL/WRH. 
The Write 


(WR) line of the 8096BH is an alternate control signal 
that shares a pin with WRL and is only available in 
16-bit bus mode. WR is nominally one Tosc longer 
than the WRL/WRH 
signals, but goes low for any 


write cycle. Therefore it is necessary to decode for the 
type of write (byte or word) desired. 


The Byte High Enable (BHE) signal and MAO can be 
used for this purpose. BHE is an alternate control sig- 


CK 


HLS74 


nal that shares a pin with WRH. When BHE is low, the 
high byte of the l6-bit bus is enabled. When MAD is 
low, the lower byte is enabled. When MAD is low and 
BHE is low, both bytes are enabled. Figure 24 shows 
how to use WR, BHE and MAD to decode bus accesses. 
It's important to note that this decoding inserts a delay 
in the write signal which must be considered in a sys- 
tem timing analysis. 


External memory systems for the 8D96BH can be set up 
in many ways. Figures 25 through 28 show block dia- 
grams of memory systems using an 8-bit bus with a 
single EPROM, 
using an 8-bit bus with RAM and 


EPROM, 
using 
a 
l6-bit 
bus 
with 
two 
external 


EPROMs and using a l6-bit bus in a RAM and ROM 
system. 
. 


Rii 
OE 


ADS-15 
HIGH ADDRESS 


DATA 
8X9XBH 
EPROM 


ADO-7 
LOW ADDRESS 


ADV 
cs 


OPTIONAL IF 
LATCHED EPROM 
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EPROM 


LOW ADDRESS 
RAM 


LOW ADDRESS 
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cs 


HIGH ADDRESS 


EPROM 
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HIGH ADDRESS 


EPROM 


BUSWIDTH 


ADS-15 
cs 


HIGH ADDRESS 


EPROM 


DATA 


AOO-7 


8x9xBH 


To verify that a system such as the one in Figure 29 will 
work with the 8096BH, it is necessary to check all of 
the timing parameters. Let us examine this system one 
parameter at a time using representative 8096BH speci- 
fications. These specifications will be different for each 
part number and temperature range, so the results of 
this example must be modified based on the most recent 
data sheet for the specific part to be used. 


The timings of signals that the processor and memory 
use are affected by the latch and buffer circuitry. The 
timings of the signal provided by the processor are de- 
layed by various amounts of time. Similarly, the signals 
coming back from the memory are also delayed. The 
calculations involved in verifying this system follow: 


The address lines are delayed by passing them through 
the 74LS373s, this delay is specified at 18 ns after Ad- 
dress is valid or 30 ns after ALE is high. Since the 
signal may be limited by either the ALE timing or the 
Address timing, these two cases must be considered. 


Tosc - 25 
(TLHLL) 


Minimum Addr set-up to ALE faIling = Tosc - 25 


(TAVLL) 
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MA8-MA15 
8 


MA1-MA77 


AO-A6 


Therefore, in the worst case, ALE would occur 0 ns 
before Address valid. 


Total delay from 8096BH Address stable to MA (Mem- 
ory Address) stable would be: 


ALE delay from address 
- 
0 
74LS373 clock to output ---lQ 
30 nanoseconds 


74LS373 Data Valid to Data Output 
= 18.nanosec- 
onds 


In the worst case, the delay in Address valid is con- 
troled by ALE and has a value of 30 nanoseconds. 


Delay of Data Transfer to/from Processor-12 
nano- 


seconds 


The RD low to Data valid specification (TRLDV) is 
3 Tosc - 
50, (200 ns at 12 MHz). The 74LS245 is 


enabled by RD and has a delay of 40 ns from enable. 
The enable delay is clearly not a problem. 


The 74LS245 is enabled for write, except during a read, 
so there is no enable delay to consider for write opera- 
tions. 


CHARACTERISTICS 
OF A 12 MHz 8096BH 
SYSTEM 
WITH 
LATCHES 


TAVDV 
Address Delay 
Data Delay 


TRLDV 
Address Delay 
Data Delay 


.TLLRL 
TAVLL 
Address Delay 
WR Delay 


345.6 ns max. (5 Tosc - 
70) 
: - 
30.0 ns maximum 
: - 
12.0 ns maximum 
303.6 ns maximum 


200.0 ns max. (3 Tosc - 
50) 


00.0 ns maximum 
12.0 ns maximum 
188.0 ns maximum 


63.3 ns min. (Tosc - 
20) 


58.3 ns min. (Tosc - 
25) 


30.0 ns maximum 
00.0 ns minimum 
91.6 ns minimum 


146.6 ns min. (2 Tosc - 
20) 


146.6 ns minimum 


inter 
8096BH HARDWARE 
DESIGN INFORMATION 


TQVWH 
Data Delay 
200.0 ns min. (3 Tosc - 
50) 
12.0 ns maximum 
188.0 ns minimum 


TWHQX 
Data Delay 


58.3 ns min. (Tosc - 
25) 
0.0 ns minimum (no spec) 
58.3 ns minimum 


The two memory devices which are expected to be used 
most often with the 8096BH are the 2764 EPROM and 
the 2128 RAM. The system verification for the 2764 is 
simple. 


(Address valid to Output) < Address valid to Data in 


250 ns < 303 ns O.K. 


(Output Enable to Output) < Read low to Data in 


100 ns < 188 ns O.K. 


These calculations assume no address decoder delays 
and no delays on the RD (OE) line. If there are delays 
in these signals the delays must be added to the 2764's 
timing. 


The read calculati.ons for the 2128 are similar to those 
for the 2764. 


2128-20 Tac < Address valid to Data in 


200 ns < 303 ns O.K. 


2128-20 Toe < Read low to Data in 
65 ns 
< 188 ns O.K. 


The write calculation are a little more involved, but still 
straight-forward. 


2128 Twp (Write Pulse) < Write Pulse Width 
100 ns < 146 ns O.K. 


2128 Tds (Data Setup) < Data Setup to WR rising 
65 ns 
< 188 ns O.K. 


2128 Tdh (Data Hold) < Data Hold after WR 
o ns 
< 58 ns 


All of the above calculations have been done assuming 
that no components are in the circuit except for those 
shown in Figure 29. If additional components are add- 
ed, as may be needed for address decoding or memory 
bank switching, the calculations must be updated to 
reflect the actual circuit. 


When a single-chip system is being designed using a 
multiple chip system as a prototype, it may be neces- 
sary to reconstruct 110 Ports 3 and 4 using a memory- 
mapped I/O technique. The circuit shown in Figure 30 
provides this function. It can be attached to a 8096BH 
system which has the required address decoding and 
bus demultiplexing. 


The output circuitry is basically just a latch that oper- 
ates when IFFEH 
or IFFFH 
are placed on the MA 


lines. The inverters surrounding 
the latch create an 


open-collector output to emulate the open-drain output 
found on the 8096BH. The 'reset' line is used to set the 
ports to all I's when the 8096BH is reset. It should be 
noted that the voltage and current characteristics of the 
port will differ from those of the 8096BH, but the basic 
functionality will be the same. 


The input circuitry is just a bus transceiver that is ad- 
dressed at IFFEH or IFFFH. If the ports are going to 
be used for either input or output, but not both, some of 
the circuitry can be eliminated. 


Designing controllers differs from designing other com- 
puter equipment in the area of noise protection. A mi- 
crocontroller circuit under the hood of a car, in a pho- 
tocopier, CRT terminal, or a high speed printer is sub- 
ject to many types of electrical noise. Noise can get to 
the processor directly through the power supply, or it 
can be induced onto the board by electromagnetic 
fields. It is also possible for the PC board to find itself 
in the path of electrostatic discharges. Glitches and 
noise on the PC board can cause the processor to act 
unpredictably, usually by changing either the memory 
locations or the program counter. 


There are both hardware 
and software solutions to 


noise problems, but the best solution is good design 
practice and a few ounces of prevention. The 8096BH 
has a Watchdog Timer which will reset the part if it 
fails to execute the software properly. The software 
should be set up to take advantage of this feature. 


It is also recommended that unused areas of code be 
filled with NOPs and periodic jumps to an error routine 
or RST (reset chip) instructions. This is particularly 
important in the code around lookup tables, since if 
lookup tables are executed all sorts of bad things can 
happen. Wherever space allows, each table should be 
surrounded by 7 NOPs (the longest 8096BH instruction 
has 7 bytes) and a RST or jump to error routine in- 
struction. This will help to ensure a speedy recovery 
should the processor have a glitch in the program flow. 


iiiffi 


ADOA. 
P3, P4 
AD 


Many hardware solutions exist for keeping PC board 
noise to a minimum. Ground planes, gridded ground 
and VCC structures, bypass capacitors, transient ab- 
sorbers and power busses with built-in capacitors can 
all be of great help. It is much easier to design a board 
with these features than to try to retrofit them later. 
Proper PC board layout is probably the single most 
important and, unfortunately, least understood aspect 
of project design. Minimizing loop areas and induc- 
tance, as well as providing clean grounds are very im- 
portant. More information on protecting against noise 
can be found in the Application Note AP-125, "Design- 
ing Microcontroller Systems for Noisy Environments". 


The MCS-96 family of products is offered in many ver- 
sions. They are available in 48-pin or 68-pin packages, 


with or without on-chip ROM/EPROM 
and with or 


without an AID converter. A summary of the available 
options is shown in Figure 31. 


The 48-pin versions are available in ceramic and plastic 
48-pin Dual-In-Line package (DIP). The ceramic ver- 
sions have part numbers with the prefix "C". The plas- 
tic versions have the prefix "P". 


The 68-pin versions are available in a ceramic pin grid 
array (PGA), a plastic leaded chip carrier (PLCC) and 
a Type B leadless chip carrier (LCC). PGA devices 
have part numbers with the prefix "C". PLCC devices 
have the prefix "N". LCC devices have the prefix "R". 


Specifications for the various members of the MCS-96 
family are contained in the next chapter. 


ROMless 
With 
ROM 
With 
EPROM 


5S-pln 
4S-pin 
5S-pin 
4S-pin 
5S-pln 
4S-pln 


Without A to 0 
8096 
8396 
8796 


WithAto 
0 
8097 
8095 
8397 
8395 
8797 
8795 


The 879XBH contains 8K bytes of ultraviolet Erasable 
and Electrically Programmable Read Only Memory 
(EPROM) for internal storage. This memory can be 
programmed in a variety of ways-including 
at run- 
time under software control. 


The EPROM is ma~d 
into memory locations 2000H 
through 3FFFH if EA is a TIL high. However, apply- 
ing + 12.75Vto EA when the chip is reset will place 
the 879XBH in EPROM Programming Mode. The 
Programming Mode has been implemented to support 
EPROM programming and verification. 


When an 879XBH is in Programming Mode, special 
hardware functions are available to the user. These 
functions include algorithms for slave, gang and auto 
EPROM programming. 


Three flexibleEPROM programming modes are avail- 
able on the 879XBH-auto, 
slave and run-time. These 
modes can be used to program 879XBHs in a gang, 
stand alone or run-time environment. 


The Auto Programming Mode enables an 879XBH to 
program itself, and up to 15 other'879XBHs, with the 
8K bytes of code beginning at address 4000H on its 
external bus. The Slave Mode provides a standard in- 
terface that enables any number of 879XBHs to be pro- 
grammed by a master device such as an EPROM pro- 
grammer. The 
Run-Time Mode allows individual 
EPROM location~ to be programmed at run-time un- 
der complete software control. 


In the Programming Mode, some I/O pins have been 
renamed. These new pin functions are used to deter- 
mine the progra=ing 
function that is performed, pro- 
vide programming ALEs, provide slave ID numbers 
and pass error information. Figure 33 shows how the 


pins are renamed. Figure 34 describes each new pin 
function. 


While in Programming Mode, PMODE selectsthe pro- 
gramming function that is performed (see Figure 32). 
When not in the Programming Mode, Run-Time pro- 
gra=ing 
can be done at any time. 


PMODE 
Programming 
Mode 


0-4 
Reserved 


5 
Slave Programming 


6-0BH 
Reserved 


OCH 
Auto Programming 
Mode 


OOH 
Program Configuration 
Byte 


OEH-OFH 
Reserved 


To guarantee proper execution, the pins of PMODE 
and SID must be in their desired state before the 
RESET pin is allowed·to rise and reset the part. Once 
the part is reset, it is in the selected mode and should 
not be switched to another mode without a new reset 
sequence. 


When EA selects the Programming Mode, the chip re- 
set sequence loads the CCR from the Programming 
Chip Configuration Byte (PCCB). This is a separate 
EPROM location that is not mapped under normal op- 
eration. PCCB is only important when programming in 
the Auto Programming Mode. In this mode, the 
879XBH that is being programmed gets the data to be 
programmed from external memory over the system 
bus. Therefore, PCCB must correctly correspond to the 
memory system in the programming setup, which is not 
necessarilythe memory organization of the application. 


The followingsections describe 879XBH progra=ing 
in each programming mode. 
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PROGRAWWIHG 
WOOE SELECT 
PROGRAWWIHG 
VOLTAGE 


Name 
Function 


PMODE 
PROGRAMMING 
MODE SELECT: Determines 
the EPROM programming 
algorithm 


that is performed. 
PMODE is sampled 
after a chip reset and should be static while 


the part is operating. 


SID 
SLAVE 10 NUMBER: 
Used to assign each slave pin of Port 3 or 4 to use for passing 


programming 
verification 
acknowledgement. 
For example, 
if gang programming 
in 


the Slave Programming 
Mode, the slave with SID = 0001 will use Port 3.1 to signal 


correct or incorrect 
program verification. 


PALE 
PROGRAMMING 
ALE INPUT: Accepted 
by an 879XBH 
that is in the Slave 


Programming 
Mode. Used to indicate that Ports 3 and 4 contain a command/ 


address. 


PROG 
PROGRAMMING 
PULSE: Accepted 
by 879XBH 
that is in the Slave Programming 


Mode. Used to indicate that Ports 3 and 4 contain the data to be programmed. 
A 


falling edge on PROG signifies data valid and starts the programming 
cycle. A rising 


edge on PROG will halt programming 
in the slaves. 


PACT 
PROGRAMMING 
ACTIVE: 
Used in the Auto-Programming 
Mode to indicate 
when 


programming 
activity is complete. 


PVER 
PROGRAM 
VERIFIED: 
A signal output after a programming 
operation 
by parts in the 


Slave Programming 
Mode and after programming 
in the Auto Configuration 
Byte 


Programming 
Mode. This signal is on Port 2.0 and is asserted 
as a logic 1 if the, bytes 


program 
correctly. 


PVAL 
PROGRAM 
VALID: These signals indicate the success 
or failure of programming 
in 
the Auto Programming 
Mode and when using this mode for gang programming. 
For 
the Auto Programming 
Mode this signal is asserted 
at Port 3.0. When using this 


mode for gang programming, 
all bits of Port 3 and Port 4 are asserted 
to indicate 


programming 
validity of the various slaves. A zero indicates 
successful 
programming. 


PD~ 
PROGRAMMING 
DURATION 
OVERFLOWED: 
A signal output by parts in the Slave 
Programming 
Mode. Used to signify that the PROG pulse applied for a programming 


operation 
was longer than allowed. 


SALE 
SLAVE ALE: Output signal from an 879XBH 
in the Auto Programming 
Mode. A 
falling edge on SALE indicates 
that Ports 3 and 4 contain valid address/command 


information 
for slave 879XBHs 
that may be attached 
to the master. 


SPROG 
SLAVE PROGRAMMING 
PULSE: Output from an 879XBH 
in the Auto Programming 


Mode. A falling edge on SPROG indictates 
that Ports 3 and 4 contain valid data for 


programming 
into slave 879XBHs 
that may be attached 
to the master. 


PORTS 3 and4 
ADDRESS/COMMAND/DATA 
BUS: Used to pass commands, 
addresses 
and data 
to and from slave mode 879XBHs. 
Used by chips in the Auto Programming 
Mode to 


pass command, 
addresses 
and data to slaves. Also used in the Auto Programming 
Mode as a regular system bus to access external 
memory. 
Each line should be 


pulled up to VCC through 
a resistor. 
. 


Figure 34. Programming 
Mode Pin Definitions 
2-31 


inter 


The Auto Programming Mode provides the ability to 
program the internal 879XBH EPROM without having 
to use a special EPROM programmer. In this mode, 
the 879XBH simply programs itself with the data found 
at external locations 4000H through 5FFFH. All that is 
required is that some sort of external memory reside at 
these locations, that EA selects the programming mode 
and that VPP is applied. Figure 35 shows a minimum 
configuration for using an 8K x 8 EPROM to program 
one 879XBH in the Auto Programming Mode. 


The 879XBH first reads a word from external memory, 
then the Modified Quick-Pulse Programming™ 
Algo- 


rithm (described later) is used to program the appropri- 
ate EPROM location. Since the erased state of a byte is 
OFFH, the Auto Programming Mode will skip loca- 
tions where the data to be programmed is OFFH. When 
all 8K has been programmed, PACT goes high and the 
part outputs a 0 on Port 3.0 (PVAL) if it programmed 
correctly and a I if it failed. 


10.2.1 GANG 
PROGRAMMING 
WITH 
THE AUTO 
PROGRAMMING 
MODE 


An 879XBH in the Auto Programming Mode can also 
be used as a programmer for up to 15 other 879XBHs 
that are configured in the Slave Programming Mode. 


PO'~ 
PO.6 
PWODE= OCH 
po.s 
po." 


NOTE: 
Ports 3 and 4 should 
have pull ups to VCC. 


To accomplish this, the 879XBH acting as the master 
outputs the slave command/data 
pairs on Ports 3 and 4 


necessary to program slave parts with the same data it 
is programming itself with. Slave ALE (SALE) and 
Slave PROG 
(SPROG) signals are provided by the 


master to the slaves to demultiplex the commands from 
the data. Figure 36 is a block diagram of a gang pro- 
gramming system using one 879XBH in the Auto Pro- 
gramming Mode. The Slave Programming Mode is de- 
scribed in the next section. 


The master 879XBH first reads a word from the exter- 
nal memory controlled by ALE, RD and WR. It then 
drives Ports 3 and 4 with a Data Program command 
using the appropriate address and alerts the slaves with 
a falling edge on SALE. Next, the data to be pro- 
grammed is driven onto Ports 3 and 4 and slave pro- 
gramming begins with a falling edge on SPROG. At the 
same time, the master begins to program 
its own 


EPROM location with the data read in. Intel's Modi- 
fied Quick-Pulse Programming™ 
Algorithm is used, 


with Data Verify commands being given to the slaves 
after each programming pulse. 


When programming is complete PACT goes high and 
Ports 3 and 4 are driven with all Is if all parts pro- 
grammed correctly. Individual bits of Port 3 and 4 will 
be driven to 0 if the slave with that bit number as an 
SID did not program correctly. The 879XBH used as 
the master assigns itself an SID of O. 


c 


Figure 35. The Auto Programming 
Mode 
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NOTE: 
EA and VPP on slaves must be at + 12.75 Vdc. Each slave's PMODE must equal 05H. Ports 3 and 4 should have 
pullups to VCC. Minimum configuration connections must also be made for slaves. A 10 MHz clock is recommended for 
the slaves. 
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Any number of 879XBHs can be programmed by a 
master programmer 
through the Slave Programming 
Mode. 


The programming device uses Ports 3 and 4 of the parts 
being programmed 
as a command/data 
path. 
The 


slaves accept signals on PALE (Program ALE) and 
PROG 
(Program 
Enable) to demultiplex 
the com- 
mands and data. The slaves also use PVER, PD~ and 
Ports 3 and 4 to pass error information to the program- 
mer. 
Support 
for gang programming 
of up to 
16 


879XBHs is provided. If each part is given a unique 
SID (Slave ID Number) an 879XBH in the Auto Pro- 
gramming Mode can be used as a master to program 
itself and up to 15other slave 879XBHs. There is, how- 
ever, no 879XBH dependent limit to the number of 
parts that can be gang programmed in the slave mode. 


It is important to note that the interface to an 879XBH 
in the slave mode is similar to a multiplexed bus. At- 
tempting to issue consecutive PALE'pulses 
without a 


corresponding 
PROG pulse will produce unexpected 


results. Similarly, issuing consecutive PROG 
pulses 


without the corresponding PALE pulses immediately 
preceding is equally unpredictable. 


The commands sent to the slaves are 16-bits wide and 
contain two fields. Bits 14 and 15 specify the action 
that the slaves are to perform. Bits 0 through 13 specify 
the address upon which the action is to take place. 
Commands are sent via Ports 3 and 4 and are available 
to cause the slaves to program a word, verify a word, or 
dump a word (Table 1). The address part of the com- 
mand sent to the slaves ranges from 2000H to 3FFFH 
and refers to the internal EPROM memory space. The 
following sections describe each slave programming 
mode command. 


Table 
1. Slave Programming 


Mode Commands 


P4.7 
P4.6 
Action 


0 
0 
Word Dump 


0 
1 
Data Verify 


1 
0 
Data Program 
1 
1 
Reserved 


DATA PROGRAM COMMAND-After 
a Data Pro- 


gram Command has been sent to the slaves, PROG 
must be pulled low to cause the data on Ports 3 and 4 
to be programmed into the location specified during the 
command. The falling edge of PROG is not only used 
to indicate data valid, but also triggers the hardware 
programming of the word specified. The slaves will be- 
gin programming 48 states after PROG falls, and will 
continue to program the location until PROG rises. 


After the rising edge ofPROG, the slaves automatically 
perform a verification of the address just programmed. 
The result of this verification is then output on PVER 
(Program Verify) and POO (program Duration Over- 
flowed). Therefore, verification information is available 
following the Data Program Command for program- 
ming systems that cannot use the Data Verify com- 
mand. 


IfPVER and PD~ of all slaves are Is after PROG rises 
then the data program was successful everywhere. If 
PVER is a 0 in any slave, then the data programmed 
did not verify correctly in that part. If PD~ is a 0 in 
any slave, then the programming pulse in those parts 
was terminated by an internal safety feature rather than 
the rising edge of PROG. The safety feature prevents 
over-programming in the slave mode. Figure 37 shows 
the relationship of PALE, PROG, PVER and PD~ to 
the CommandlData 
Path on Ports 3 and 4 for the Data 


Program Command. 
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DATA VERIFY COMMAND-When 
the Data Verify 
Command is sent, the slaves respond by driving one bit 
of Port 3 and 4 to indicate correct or incorrect verifica- 
tion of the previous Data Program. A I indicates cor- 
rect verification, while a 0 indicates incorrect verifica- 
tion. The SID (Slave ID Number) of each slave deter- 
mines which bit of the command/data 
path is driven. 


PROG from the programmer governs when the slaves 
drive the bus. Figure 38 shows the relationship of Ports 
3 and 4 to PALE and PROG. 


Th~s command is always preceded by a Data Program 
Command in a programming system with as many as 
16 slaves. However, a Data Verify Command does not 
have to follow every Data Program Command. 


WORD 
DUMP 
COMMAND-When 
the 
Word 
Dump Command is issued, the 879XBH being pro- 
grammed adds 2000H to the address field of the com- 
mand and places the value found at the new address on 
Ports 3 and 4. For example, sending the command 
#OIOOH to a slave will result in the slave placing the 
word found at location 2100H on Ports 3 and 4. PROG 
from the programmer governs when the slave drives the 
bus. The signals are the same as shown in Figure 22. 


Note that this command will work only when just one 
slave is attached to the bus, and that there is no restric- 
tion on commands 
that precede or follow a Word 
Dump Command. 


10.3.2 GANG 
PROGRAMMING 
WITH 
THE 
SLAVE 
PROGRAMMING 
MODE 


Gang programming of 879XBHs can be done using the 
Slave Programming Mode. There is no 879XBH based 
limit on the number of chips that may be hooked to the 
same Port 3/Port 4 data path for gang programming. 


If more than 16 chips are being gang programmed, the 
PVER and PDO outputs of each chip could be used for 
verification. The master programmer could issue a data 
program command then either watch every chip's error 
signals, or AND all the signals together to get a system 
PVER and PDO. 


If 16 or fewer 879XBHs are to be gang programmed at 
once, a more flexible form of verification is available. 
By giving each chip being programmed a unique SID, 
the master programmer could then issue a data verify 
command after the data program command. When a 
verify command is seen by the slaves, each will drive 
one pin of Port 3 or 4 with a I if the programming 
verified correctly or a 0 if programming failed. The SID 
is used by each slave to determine which Port 3, 4 bit it 
is assigned. An 879XBH in the Auto Programming 
Mode could be the master programmer if 15 or fewer 
slaves need to be programmed (see Gang Programming 
with the Auto Programming Mode). 


10.4 Auto Configuration 
Byte 
Programming 
Mode 


The CCB (location 2018H) can be treated just like any 
other EPROM 
location, and programmed using any 
programming 
mode. But to provide for simple pro- 
gramming of the CCB when no other locations need to 
be programmed, 
the Auto Configuration 
Byte Pro- 
gramming 
Mode is provided. 
Programming 
in this 
mode also programs PCCB. Figure 39 shows a block 
diagram for using the Auto Configuration Byte Pro- 
gramming Mode. 


With PMODE = ODH and OFFH on Port 4, CCB and 
PCCB will be programmed to the value on Port 3 when 
a logic 0 is placed on PALE. After programming is 
complete, PVER will be driven to a 1 if the bytes pro- 
grammed correctly, and a 0 if the programming failed. 


This method of programming is the only way to pro- 
gram PCCB. PCCB is a non-memory mapped EPROM 
location that gets loaded into CCR during the reset 
sequence when the voltage on EA puts the 879XBH in 
Programming Mode. If PCCB is not programmed us- 
ing the Auto Configuration Byte Programming Mode, 
every time the 879XBH is put into Programming Mode 
the CCR will be loaded with OFFH (the value of the 
erased PCCB location). 


However, if programming the CCB and PCCB is done 
using this Programming Mode, the PCCB will take on 
the value programmed into CCB. This means that until 
the part is erased, programming activities that use the 
system bus will employ the bus width and controls se- 
lected by the user's CCB. 
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NOTES: 
1. Tie Port 3 to the value desired to be programmedinto CCS, and PCCS. 
2. Make all necessary minimumconnections for power, ground and clock. 


Run-Time Programming of the 879XBH is provided to 
allow the user complete flexibility in the ways in which 
the internal EPROM is programmed. That flexibility 
includes the ability to program just one byte or one 
word instead of the whole EPROM, and extends to the 
hardware necessary to program. The only additional 
requirement of a system is that a programming voltage 
is ap~d 
to VPP. Run-Time Programming 
is done 


with EA at TTL-high (normal operation-internal/ex- 
ternal access). 


To Run-Time program, the user writes a byte or word 
to the location to be programmed. Once this is done, 
the 879XBH will continue to program that location un- 
til another data read from or data write to the EPROM 
occurs. The user can therefore control the duration of 
the programming pulse to within a few mircoseconds. 
An intelligent algorithm should be implemented in soft- 
ware. It is recommended that the Modified Quick-Pulse 
Programming Algorithm be implemented. 


After the programming of a location has started, care 
must be taken. to ensure that no program fetches (or 


pre-fetches) occur from internal memory. This is of no 
concern if the program is executing from external mem- 
ory. However, if the program is executing from internal 
memory when the write occurs, it will be necessary to 
use the built in "Jump to Self' located at 201AH. 


"Jump to Self' is a two byte instruction in the Intel test 
ROM which can be CALLed after the user has started 
programming a location by writing to it. A software 
timer interrupt could then be used to escape from the 
"Jump to Self' when the proper programming pulse 
duration has elapsed. Figure 40 is an example of how to 
program an EPROM location while execution is entire- 
ly internal. 


Upon entering the PROGRAM 
routine, the address 


and data are retrieved from the STACK and a Software 
Timer is set to expire one programming pulse later. The 
data is then written to the EPROM 
location and a 


CALL to location 20lAH is made. Location 20lAH is 
in Intel reserved test ROM, and contains the two byte 
opcode for a "Jump to Self'. The minimum interrupt 
service routine would remove the 20lAH 
return ad- 


dress from the STACK and return. 


POP 
address_temp 
POP 
data_temp 
PUSH temp 


PUSHF 
LDB 
int_mask, 
#enable_swt_only 
LDB 
HSO_COMMAND, 
#SWTO_ovf 
ADD 
HSO_TIME,TIMERl, 
#program_pulse 


EI 
ST 
data-temp, 
[address_temp] 
CALL 20lAH 
POPF 
RET 


swtO_expired: 
POP 
0 
RET 


;take parameters 
from the 


STACK 


;save current status 
;enable only swt interrups 
;load swt command to interrupt 
;when program pulse time 
;has elapsed 
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Protection 
mechanisms 
have been provided on the 
ROM and EPROM versions of the 8096BH to inhibit 
unauthorized 
accesses of internal program memory. 


However, there must always be a way to allow autho- 
rized program memory dumps for testing purposes. 
The following describes 839XBH, 879XBH program 
lock features and the mode provided for authorized 
memory dumps. 


Write protection is provided for EPROM parts, while 
READ 
protection 
is provided for both ROM 
and 
EPROM parts. 


Write protection is enabled by causing the LOCO bit in 
the CCR to take the value O.When WRITE protection 
is selected, the bus controller will cycle through the 
write sequence, but will not actually drive data to the 
EPROM and will not enable VPP to the EPROM. This 
protects the entire EPROM 2000H-3FFFH 
from inad- 


vertant or unauthorized 
programming, and also pre- 


vents writes to the EPROM from upsetting program 
execution. If write protection is not enabled, a data 
write to an internal EPROM location will begin pro- 
gramming that location, and continue programming 
the location until a data read of the internal EPROM is 
executed. While programming, instruction fetches from 
internal EPROM will not be successful. 


READ protection is selected by causing the LOCI bit 
in the CCR to take the value O.When READ protec- 
tion is enabled, the bus controller will only perform a 
data read from the address range 2020H-3FFFH 
if the 


slave program counter is in the range 2000H-3FFFH. 
Note that since the slave PC can be many bytes ahead 
of the CPU program counter, an instruction that is lo- 
cated after address 3FFAH may not be allowed to ac- 
cess protected memory, even though the instruction is 
itself protected. 


If the bus controller receives a request to perform a 
READ of protected memory, the READ sequence oc- 
curs with indeterminant 
data being returned 
to the 


CPU. 


Other enhancements were also made to the 8096BH for 
program protection. For example, the value of EA is 
latched on reset so that the device cannot be switched 
from external to internal execution mode at run-time. 
In addition, if READ protection is selected, an NMI 
event will cause the device to switch to external only 
execution mode. Internal execution can only resume by 
resetting the chip. 


10.6.2 AUTHORIZED 
ACCESS 
OF PROTECTED 


MEMORY 


To 
provide 
a 
method 
of 
dumping 
the 
internal 


ROM/EPROM 
for testing purposes a "Security Key" 


mechanism and ROM dump mode have been imple- 
mented. 


The security key is a 128bit number, located in internal 
memory, that must be matched before a ROM dump 
will occur. The application code contains the security 
key starting at location 2020H. 


The ROM dump mode is entered just like any pro- 
gramming mode (EA = 12.75V), except that.a special 
PMODE 
strapping is used. The PMODE for ROM 


dump is 6H (OllOB). 


The ROM dump sequence begins with a security key 
verification. Users must place at external locations 
4020H-402FH 
the same 16byte key that resides inside 


the chip at locations 2020H-202FH. 
Before doing a 


ROM dump, the chip checks that the keys match. 


After a successful key verification, the chip dumps data 
to 
external 
locations 
lOOOH-llFFH 
and 
4OOOH- 


5FFFH. Unspecified data appears at the low addresses. 


Internal EPROM/ROM 
is dumped to 4OOOH-5FFFH, 


beginning with internal address 2000H. 


If a security key verification is not successful, the chip 
will put itself into an endless loop of internal execution. 


NOTE: 


Substantial effort has been expended to provide an ex- 
cellent program protection scheme. However, Intel can- 
not, and does not guarantee that the protection methods 
that we have devised will prevent unauthorized access. 
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10.7 
Modified Quick-Pulse 
Programming™ 
Algorithm 


The Modified Quick-Pulse Programming 
Algorithm 


calls for each EPROM location to receive 25 separate 
100 /LS(± 5 /Ls)program cycles. Verification of correct 
programming is done after the 25 pulses. If the location 
verifies correctly, the next location is programmed. If 
the location fails to verify, the location has failed. 


Once all locations are programmed and verified, the 
entire EPROM is again verified. 


Programming of 879XBH parts is done with Vpp 
12.75V ±0.25V and VCC = 5.0V ±0.5V. 


The 8X9XBH contains a signature word at location 
2070H. The word can be accessed in the slave mode by 
executing a word dump command. 


Device 
Signature 
Word 


879XBH 
896FH 
839XBH 
896EH 
809XBH 
Undefined 


Initially, and after each erasure, all bits of the 879XBH 
are in the "I" state. Data is introduced by selectively 


programming "Os" into the desired bit locations. Al- 
though only "Os" will be programmed, both "Is" and 
"Os" can be present in the data word. The only way to 
change a "0" to a "I" is by ultraviolet light erasure. 


The erasure characteristics of the 879XBH are such 
that erasure begins to occur upon exposure to light with 
wavelenl\.ths shorter 
than approximately 
4000 Ang- 


stroms (A). It should be noted that sunlight and certain 
types of fluorescent lamps have wavelengths in the 
3000-4000 A range. Constant exposure to room level 
fluorescent lighting could erase the typical 879XBH in 
approximately 3 years, while it would take approxi- 
mately I week to cause erasure when exposed to direct 
sunlight. If the 879XBH is to be exposed to light for 
extended periods of time, opaque labels must be placed 
over the EPROM's 
window to prevent unintentional 


erasure. 


The recommended erasure procedure for the 879XBH 
is exposure to shortwave ultraviolet light which has a 
wavelength of 2537A. The integrated dose (i.e., UV in- 
tensity X exposure time) for erasure should be a mini- 
mum of 15 Wsec/cm2. The erasure time with this dos- 
age is approximately 15 to 20 minutes using an ultravi- 
olet lamp with a 12000 /LW/ cm2 power rating. The 
879XBH should be placed within I inch of the lamp 
tubes during erasure. The maximum integrated dose an 
879XBH 
can 
be 
exposed 
to 
without 
damage 
is 


7258 Wsec/cm2 (I week @ 12000 /LW/cm2). 
Exposure 


of the 879XBH to high intensity UV light for long peri- 
ods may cause permanent damage. 
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The 80Cl96KB 
family is a CHMOS branch of the 
MCS@-96family. Other members of the MCS-96 fami- 
ly include the 8096-90, 8096BH and 8098. All of the 
MCS-96 components share a common instruction set 
and architecture. 
However the CHMOS components 
have enhancements to provide higher performance at 
lower power consumptions. To further decrease power 
usage, these parts can be placed into idle and power- 
down modes. 


MCS-96 family members are all high-performance mi- 
crocontrollers with 'a l6-bit CPU and at least 230 bytes 
of on-chip RAM. 
They are register-to-register 
ma- 


chines, so no accumulator is needed, and most opera- 
tions can be quickly performed from or to any of the 
registers. In addition, the register operations can con- 
trol the many peripherals which are available on the 
chips. These peripherals include a serial port, AID con- 
verter, PWM output, up to 48 I/O lines and a High- 
Speed I/O subsystem which has 2 l6-bit timer/coun- 
ters, an 8-level input capture FIFO and an 8-entry pro- 
grammable output generator. 


Typical applications for MCS-96 products are closed- 
loop control and mid-range digital signal processing. 
MCS-96 products are being used in modems, motor 
controls, printers, engine controls, photocopiers, anti- 
lock brakes, air conditioner temperature controls, disk 
drives, and medical instrumentation. 


There are many members of the 80Cl96KB family, so 
to provide easier reading this manual will refer to the 
80Cl96KB 
family 
generically 
as 
the 
80C196KB. 


Where information applies only to specific components 
it will be clearly indicated. 


The 8OCl96KB can be separated into four sections for 
the purpose of describing its operation. A block dia- 
gram is shown in Figure 1-I. There is the CPU and 
architecture, the instruction set, the peripherals and the 
bus unit. Each of the sections will be sub-divided as the 
discussion progresses. Let us first examine the CPU. 


The major components of the CPU on the 80CI96KB 
are the Register File and the Register/Arithmetic 
Log- 


ic Unit (RALU). 
Communication 
with the outside 


world is done through either the Special Function Reg- 
isters (SFRs) or the Memory Controller. The RALU 
does not use an accumulator. Instead, it operates di- 
rectly on the 256-byte register space made up of the 
Register File and the SFRs. Efficient I/O operations 
are possible by directly controlling the I/O through the 
SFRs. The main benefits of this structure are the ability 
to quickly change context, absence of accumulator bot- 
tleneck, and fast throughput and I/O times. 
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The CPU on the 8OC196KB is 16 bits wide and con- 
nects to the interrupt controller and the memory con- 
troller by a l6-bit bus. In addition, there is an 8-bit bus 
which transfers instruction bytes from the memory con- 
troller to the CPU. An extension of the l6-bit bus con- 
nects the CPU to the peripheral devices. 


The RALU talks to the memory, except for the loca- 
tions in the register file and SFR space, through the 
memory controller. Within the memory controller is a 
bus controller, a four byte queue and a Slave Program 
Counter (Slave PC). Both the internal ROM/EPROM 
bus and the external memory bus are driven by the bus 
controller. Memory access requests to the bus control- 
ler can come from either the RALU or the queue, with 
queue accesses having priority. 
Requests from the 


queue are always for data at the address in the slave 
PC. 


By having program fetches from memory referenced to 
the slave PC, the processor saves time as addresses sel- 
dom have to be sent to the memory controller. If the 
address sequence changes because of a jump, interrupt, 
call or return, the slave PC is loaded with a new value, 
the queue is flushed, and processing continues. 


Execution speed is increased by using a queue since it 
usually keeps the next instruction byte available. This 
queue is transparent to the RALU and to the user un- 
less wait states are forced during external bus cycles. 
The instruction 
execution times shown in Section 3 


show the normal execution times with no wait states 
added and the l6-bit bus selected. Reloading the slave 
PC and fetching the first byte of the new instruction 
stream takes 4 state times. This is reflected in the jump 
taken/not-taken 
times shown in the table. 


When debugging code using a logic analyzer, one must 
be aware of the queue. It is not possible to determine 
when an instruction 
will begin executing by simply 


watching when it is fetched, since the queue is filled in 
advance of instruction execution. 


A microcode engine controls the CPU, allowing it to 
perform operations with any byte, word or double word 
in the 256 byte register space. Instructions to the CPU 
are taken from the queue and stored temporarily in the 
instruction register. The microcode engine decodes the 
instructions 
and 
generates the correct 
sequence of 


events to have the RALU perform the desired function. 
Figure 1-2 shows the memory controller, RALU, in- 
struction register and the control unit. 


Most calculations performed by the 8OC196KB take 
place in the RALU. The RALU, shown in Figure 1-2, 
contains a l7-bit 
ALU, the Program 
Status Word 


(PSW), the Program Counter (PC), a loop counter, and 
three temporary registers. All of the registers are 16- 
bits or 17-bits (16+ 
sign extension) wide. Some of the 


registers have the ability to perform simple operations 
to off-load the ALU. 


A separate incrementor is used for the Program Coun- 
ter (PC) as it accesses operands. However, PC changes 
due to jumps, calls, returns and interrupts must be han- 
dled through the ALU. Two of the temporary registers 
have their own shift logic. These registers are used for 
the operations which require logical shifts, including 
Normalize, Multiply, and Divide. The "Lower Word" 
and "Upper Word" are used together for the 32-bit 
instructions and as temporary registers for many in- 
structions. Repetitive shifts are counted by the 6-bit 
"Loop Counter". 


A third temporary register stores the second operand of 
two operand instructions. This includes the multiplier 
during multiplications and the divisor during divisions. 
To perform subtractions, the output of this register can 
be complemented before being placed into the "B" in- 
put of the ALU. 


Several constants, such as 0, 1 and 2 are stored in the 
RALU to speed up certain calculations. (e.g. making a 
2's complement number or performing an increment or 
decrement instruction.) In addition, single bit masks for 
bit test instructions are generated in the constant regis- 
ter based on the 3-bit Bit Select register. 


The 8OCl96KB requires an input clock on XTALl 
to 


function. Since XTALl and XTAL2 are the input and 
output of an inverter a crystal can be used to generate 
the clock. Details of the circuit and suggestions for its 
use can be found in Section 13. 


Internal operation of the 80C196KB is based on the 
crystal- or external oscillator frequency divided by 2. 
Every 2 oscillator periods is referred to as one "state 
time", the basic time measurement for all 8OC196KB 
operations. With a 12 MHz oscillator, a state time is 
167 nanoseconds. With an 8 MHz oscillator, a state 
time is 250 nanoseconds, the same as an 8096 running 
with a 12 MHz oscillator. Since the 8OCl96KB will be 
run at many frequencies, the times given throughout 
this chapter will be in state times or "states", unless 
otherwise specified. A clock out (CLKOUT) 
signal, 
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shown in Figure 1-3, is provided as an indication of the 
internal machine state. Details on timing relationships 
can be found in Section 13. 
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The addressable memory space on the 80Cl96KB con- 
sists of 64K bytes, most of which is available to the user 
for program or data memory. Locations which have 
special 
purposes 
are 
OOOOHthrough 
DOFFH 
and 


IFFEH 
through 
2080H. All other locations can be 


used for either program or data storage or for memory 
mapped peripherals. A memory map is shown in Figure 
2-1. 


EXTERNAL MEMORY OR 1/0 


INTERNAL ROMIEPROM 
OR 
EXTERNAL MEMORY' 


RESERVED 


UPPER 8 INTERRUPT VECTORS 


(NEW ON 8OCl96KB) 


ROMIEPROM 
SECURITY KEY 


RESERVED 


CHIP CONFIGURATION 
BYTE 


RESERVED 


lOWER 
8 INTERRUPT VECTORS 
PLUS 2 SPECIAL INTERRUPT~ 


PORT 3 AND PORT 4 


EXTERNAL 
MEMORY OR 1/0 


INTERNAL 
DATA MEMORY· 
REGISTER FilE 
(STACK POINTER, RAM AND SFRS) 


EXTERNAL 
PROGRAM CODE MEMORY 


Locations DOHthrough OFFH contain the Register File 
and Special Function Registers, (SFRs). The RALU 
can operate on any of these 256 internal register loca- 
tions, but code can not be executed from them. If an 
attempt to execute instructions from locations OOOH 
through OFFH is made, the instructions will be fetched 
from external memory. This section of external memo- 
ry is reserved for use by Intel development tools 


The internal RAM from location 018H (24 decimal) to 
OFFH is the Register File. It contains 232 bytes of 
RAM which can be accessed as bytes (8 bits), words 
(16 bits), or double-words (32 bits). Since each of these 
locations can be used by the RALU, there are essential- 
ly 232 "accumulators". 
This memory region, as well as 


the status of the majority of the chip, is kept intact 
while the chip is in the Powerdown Mode. Details on 
Powerdown Mode are discussed in Section 14. 


Locations 
18H and 
19H contain the stack pointer. 


These are not SFRs and may be used as standard RAM 
if stack operations are not being performed. Since the 
stack pointer is in this area, the RALU can easily oper- 
ate on it. The stack pointer must be initialized by the 
user program and can point anywhere in the 64K mem- 
ory space. Operations to the stack cause it to build 
down, so the stack pointer should be initialized to 2 
bytes above the highest stack location, and must con- 
tain word (even) addresses. 


Locations DOHthrough 17H are the I/O control regis- 
ters or SFRs. All of the peripheral 
devices on the 


8OC196KB (except Ports 
3 and 
4) are controlled 


through these registers. As shown in Figure 2-2, three 
SFR windows are provided on the 80C196KB. 


Switching between the windows is done using the Win- 
dow Select Register (WSR) at location 14H in all of the 
windows. The PUSHA and POPA instructions push 
and pop the WSR so it is easy to change between win- 
dows. Only three values may be written to the WSR, 0, 
14 and 15. Other values are reserved for use in future 
parts and will cause unpredictable operation. 


Window 0, the register window selected with WSR =0, 
is a superset of the one used on the 8096. As depicted in 
Figure 2-3, it has 24 registers, some of which have dif- 
ferent functions when read than when written. Regis- 
ters which are new to the 8OCl96KB or have changed 
functions from the 8096 are indicated in the figure. 
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(LO) 


HSI 
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AD_COMMAND 


ZERO REG (HI) 


ZERO REG (LO) 
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RESERVED" 


ODH 
'T2 CAPTURE (HI) 
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'T2 CAPTURE (LO) 


WSR = 15 


OTHER SFRS IN WSR 15 BECOME 
READABLE IF THEY WERE WRITABLE 
IN WSR = O.AND WRITABLE 
IF THEY 


WERE READABLE 
IN WSR = 0 


PPW 


WSR = 14 


'NEW OR CHANGED REGISTER 
FUNCTION FROM 8096BH 


"RESERVED 
REGISTERS SHOULD NOT 
BE WRITIEN 
OR READ 


inter 


Register 
Description 


RO 
Zero Register 
- Always reads as a zero, useful for a base when indexing 
and as a 


constant 
for calculations 
and compares. 


AD 
RESULT 
AID 
Result Hi/Low 
- Low and high order results of the AID converter 


AD 
COMMAND 
AID Command 
Register 
- Controls 
the AID 


HSI 
MODE 
HSI Mode Register 
- Sets the mode of the High Speed Input unit. 


HSI 
TIME 
HSI Time HilLo 
• Contains 
the time at which the High Speed Input unit was triggered. 


HSO_TIME 
HSO Time HilLo 
- Sets the time or count for the High Speed Output to execute 
the 


command 
in the Command 
Register. 


HSO_COMMAND 
HSO Command 
Register 
- Determines 
what will happen at the time loaded into the 


HSO Time registers. 


HSI_STATUS 
HSI Status Registers· 
Indicates 
which HSI pins were detected 
at the time in the HSI 


Time registers 
and the current state of the pins. In Window 
15 - Writes to pin 


detected 
bits, but not current state bits. 


SBUF(TX) 
Transmit 
buffer for the serial port, holds contents 
to be outputted. 
Last written value 
is readable 
in Window 
15. 


SBUF(RX) 
Receive buffer for the serial port, holds the byte just received 
by the serial port. 


Writable 
in Window 
15. 


INT_MASK 
Interrupt 
Mask Register - Enables or disables 
the individual 
interrupts. 


INT_PEND 
Interrupt 
Pending Register - Indicates 
that an interrupt 
signal has occurred 
on one of 


the sources and has not been serviced. 
(also INT 
PENDING) 


WATCHDOG 
Watchdog 
Timer Register - Written 
periodically 
to hold off automatic 
reset every 64K 


state times. Returns upper byte of WDT counter 
in Window 
15. 


TIMER1 
Timer 1 HilLo 
- Timer1 high and low bytes. 


TIMER2 
Timer 2 HilLo 
- Timer2 high and low bytes. 


10PORTO 
Port 0 Register - Levels on pins of Port O. Reserved 
in Window 
15. 


BAUD_RATE 
Register which determines 
the baud rate, this register is loaded sequentially. 


Reserved 
in Window 
15. 


IOPORT1 
Port 1 Register· 
Used to read or write to Port 1. Reserved 
in Window 
15 


IOPORT2 
Port 2 Register· 
Used to read or write to Port 2. 


SP_STAT 
Serial Port Status -Indicates 
the status of the serial port., 


SP 
CON 
Serial Port Control - Used to set the mode of the serial port. 


10SO 
1/0 Status Register 0 - Contains 
information 
on the HSO status. Writes to HSO pins 
in Window 
15. 


IOS1 
1/0 Status Register 
1 - Contains 
information 
on the status of the timers and of the 


HSI. 


lOCO 
1/0 Control 
Register 0 - Controls 
alternate 
functions 
of HSI pins, Timer 2 reset 


sources and Timer 2 clock sources. 


IOC1 
1/0 Control 
Register 
1 - Controls 
alternate 
functions 
of Port 2 pins, timer interrupts 


and HSI interrupts. 


PWM_CONTROL 
Pulse Width Modulation 
Control 
Register 
- Sets the duration 
of the PWM pulse. 


INT_PEND1 
Interrupt 
Pending register for the 8 new interrupt vectors 
(also INT 
PENDING1) 


INT 
MASK1 
Interrupt 
Mask register for the 8 new interrupt 
vectors 


IOC2 
1/0 Control 
Register 
2 • Controls 
new 80C196KB 
features 


IOS2 
1/0 Status Register 
2 - Contains 
information 
on HSO events 


WSR 
Window Select Register - Selects 
register window 


inter 


Programming control and test operations are done in 
Window 14. Registers in this window that are not la- 
beled should be considered reserved and should not be 
either read or written. 


in Window 15. (Timer2 was read-only on the 8096.) 
Registers which can be read and written in Window 0 
can also be read and written in Window 15. 


In register Window 15 (WSR= 15), the operation of 
the SFRs is changed, so that those which were read- 
only in Window 0 space are write-only and vice versa. 
The only major exception to this is that Timer2 is read/ 
write in Window 0, and T2 Capture is read/write 


Figure 2-4 contains brief descriptions of the SFR regis- 
ters. Detailed descriptions are contained in the section 
which discusses the peripheral controlled by the regis- 
ter. Figure 2-5 contains a description of the alternate 
function in Window 15. 


AD_COMMAND 
(02H) 
AD_RESULT 
(02H, 03H) 
HSI_MODE 
(03H) 
HSI_TIME 
(04H, 05H) 
HSO_TIME 
(04H, OSH) 
HSI_STATUS 
(06H) 
HSO_COMMAND 
(06H) 


SBUF(RX) (07H) 
SBUF(TX) (07H) 
WATCHDOG (OAH) 
TIMER I (OAH, OBH) 
TIMER2 (OCH, ODH) 


IOC2(OBH) 
BAUD_RATE 
(OEH) 
PORTO (OEH) 
SP_STAT 
(IIH) 


SP_CON 
(IIH) 


IOSO(l5H) 


lOCO (15H) 
IOSI (16H) 


- 
Read the last written command 
- 
Write a value into the result register 
- 
Read the value in HSI_MODE 
- 
Write to FIFO Holding register 
- 
Read the last value placed in the holding register 
- 
Write to status bits but not to HSI pin bits. (pin bits are I, 3, 5, 7) 


- 
Read the last value placed in the holding register 
- 
Write a value into the receive buffer 
- 
Read the last value written to the transmit buffer 
- 
Read the value in the upper byte of the WDT 
- 
Write a vallie to Timer! 


- 
ReadlWrite the Timer2 capture register. 
(Timer2 read/write is done with WSR = 0) 
- 
Last written value is readable, except bit 7 (Note I) 
- 
No function, cannot be read 
- 
No function, no output drivers on the pins 
- 
Set the status bits, TI and RI can be set, but it will not cause an interrupt 


- 
Read the current control byte 
- 
Writing to this register controls the H80 pins. Bits 6 and 7 are inactive for 
writes. 


- 
Last written value is readable, except bit I (Note I) 
- 
Writing to this register will set the status bits, but not cause interrupts. Bits 
6 and 7 are not functional. 


- 
Last written value is readable 
- 
Writing to this register will set the st8.tus bits, but not cause interrupts. 


- 
Read the duty cycle value written to PWM_CONTROL 


lOCI (16H) 
1082 (17H) 
PWM_CONTROL 
(17H) 


NOTE: 
1. IOC2.7(CAMCLEAR)and IOCO.1(T2RST)are not latched and willread as a 1 (precharged bus). 


Being able to write to the read-only registers and vice-versa provides a lot of flexibility.One of the most useful 
advantages is the abilityto set the timers and HSO lines for initialconditionsother than zero. 


inter 


Within the SFR space are several registers and bit loca- 
tions labeled "RESERVED". 
These locations should 
never be written or read. A reserved bit location should 
always be written with 0 to maintain compatibility with 
future parts. Values read from these locations may 
change from part to part or over temperature and volt- 
age. Registers and bits which are not labeled should be 
treated as reserved registers and bits. Note that the de- 
fault state of internal registers is 0, while that for exter- 
nal memory is I. This is because SFR functions are 
typically disabled with a zero, while external memory is 
typically erased to all Is. 


Caution must be taken when using the SFRs as sources 
of operations or as base or index registers for indirect or 
indexed operations. It is possible to not get the desired 
results, since external events can change SFRs and 
some SFRs clear when read. The potential for an SFR 
to.change value must be taken into account when oper- 
atmg on these registers. This is particularly important 
when high level languages are used as they do not al- 
ways make allowances for SFR-type registers. SFRs 
can be operated on as bytes or words unless otherwise 
specified. 


2.3 
Reserved 
Memory Spaces 


Locations IFFEH and IFFFH are used for Ports 3 and 
4 respectively, allowing easy reconstruction 
of these 


ports if external memory is used. An example of recon- 
structing the I/O ports is given in Section 16. If ports 3 
and 4 are not going to be reconstructed and internal 
ROM/EPROM 
is not used, these locations can be 


treated as any other external memory location. 


Many reserved and special locations are in the memory 
area between 2000H and 2080H. In this area the 18 
interrupt vectors, chip configuration byte, and security 
key are located. Figure 2-6 shows the locations and 
functions of these registers. The interrupts, chip config- 
uration, and security key registers are discussed in Sec- 
tions 5, 16,and 17 respectively. All unspecified address- 
es in locations 2000H through 207FH, including those 
marked "Reserved" are reserved by Intel for use in test- 
ing or future products. They must be filled with the 
Hex value FFH 
to insure compatibility with future 


parts. 


EXTERNAL MEMORY 
OR I/O 


INTERNAL PROGRAM 
STORAGE ROM/EPROM 
OR 
EXTERNAL MEMORY 


RESERVED 


VOLTAGE LEVELS 


SIGNATURE WORD 


RESERVED 


INTERRUPT VECTORS 


SECURITY KEY 


RESERVED 


SELF JUMP CODE (27H FEH) 


RESERVED 


CHIP CONFIGURATION 
BYTE 


RESERVED 


PPW 


INTERRUPT VECTORS 


2080H 


2074H-207FH 


2072H -2073H 


2070H-2071 
H 


2040H-206FH 


2030H-203FH 


2020H-202FH 


201CH-201FH 


201AH-201BH 


2019H 


2018H 


2015H-2017H 


2014H 


2000H-2013H 


Resetting 
the 8OCl96KB causes instructions 
to be 


fetched starting from location 2080H. This location was 
chosen to allow a system to have up to 8K of RAM 
continuous with the register file. Further information 
on reset can be found in Section 13. 


When a ROM part is ordered, or an EPROM part is 
programmed, 
the internal 
memory locations 2080H 


through 3FFFH are user specified, as are the interrupt 
vectors, Chip Configuration Register and Security Key 
in locations 2000H through 207FH. 


Instruction and data fetches from the internal ROM or 
EPROM occur only if the part has ROM or EPROM 
EA is tied high, and the address is between 2000H and 
3FFFH. At all other times data is accessed from either 
the internal RAM space or external memory and in- 
structions are fetched from external memory. The EA 
pin is latched on RESET rising. Information on pro- 
gramming EPROMs can be found in Section 17. 


inter 


The 8OC196KBprovides a ROMIEPROM 
lock feature 


to allow the program 
to be locked against reading 


and/or writing the internal program memory. In order 
to maintain security, code can not be executed out of 
the last three locations of internal ROMIEPROM 
if 
the lock is enabled. Details on this feature are in Sec- 
tion 17. 


There are several modes of system bus operation on the 
8OC196KB. The standard bus mode uses a 16-bit multi- 
plexed address/data 
bus. Other bus modes include an 


8-bit mode and a mode in which the bus size can dy- 
namically be switched between 8-bits and 16-bits. 


HoldlHold 
Acknowledge (HOLDIHLDA) 
and Ready 


signals are available to create a variety of memory ~ 
tems. The READY line extends the width of the RD 
(read) and WR (write) pulses to allow access of slow 
memories. The maximum number of wait states can be 
internally limited to I, 2, or 3 by the value in the Chip 
Configuration Register (CCR). Multiple processor sys- 
tems with 
shared 
memory 
can be designed using 
HOLDIHLDA 
to keep the 80C196KB off the bus. De- 
tails on the System Bus are in Sections 15 and 16. 


This section provides information on writing programs 
to execute in the 80C196KB. Additional information 
can be found in the following documents: 


MCS@·96 MACRO ASSEMBLER 
USER'S GUIDE 
Order Number 122048 (Intel Systems) 
Order Number 122351 (DOS Systems) 


MCS@·96 UTILITIES 
USER'S GUIDE 
Order Number 122049 (Intel Systems) 
Order Number 122356 (DOS Systems) 


PLIM·96 USER'S GUIDE 
Order Number 122134 (Intel Systems) 
Order Number 122361 (DOS Systems) 


C·96 USER'S GUIDE 
Order Number 167632 (DOS Systems) 


Throughout this chpater short sections of code are used 
to illustrate the operation of the device. For these sec- 
tions it is assumed that the following set of temporary 
registers has been declared: 


AX, BX, CX, and DX are 16-bit registers. 
AL is the low byte of AX, AH is the high byte. 
BL is the low byte of BX 
CL is the low byte of CX 
DL is the low byte of DX 


These are the same as the names for the general data 
registers used in the 8086. It is important to note that in 
the 8OCl96KB these are not dedicated registers but 
merely the symbolic names assigned by the program- 
mer to an eight byte region within the on-board register 
file. 


The MCS-96 architecture supports a variety of data 
types likely to be useful in a control application. In the 
discussion of these operand types that follows, the 
names adopted by the PLM-96 programming language 
.are used where appropriate. 
To avoid confusion, the 


name of an operand type is capitalized. A "BYTE" is 
an unsigned eight bit variable; a "byte" is an eight bit 
unit of data of any type. 


BYTES are unsigned 8-bit variables which can take on 
the values between 0 and 255. Arithmetic and relational 
operators can be applied to BYTE operands but the 
result must be interpreted in modulo 256 arithmetic. 
Logical operations on BYTES are applied bitwise. Bits 
within BYTES are labeled from 0 to 7, with 0 being the 
least significant bit. There are no alignment restrictions 
for BYTES, so they may be placed anywhere in the 
MCS-96 address space. 


WORDS are unsigned 16-bit variables which can take 
on the values between 0 and 65535. Arithmetic and 
relational operators can be applied to WORD operands 
but the result must be interpreted modulo 65536. Logi- 
cal operations on WORDS are applied bitwise. Bits 
within words are labeled from 0 to 15 with 0 being the 
least significant bit. WORDS must be aligned at even 
byte boundaries in the MCS-96 address space. The least 
significant byte of the WORD is in the even byte ad- 
dress and the most significant byte is in the next higher 
(odd) address. The address of a word is the address of 
its least significant byte. Word operations to odd ad- 
dresses are not guaranteed to operate in a consistent 
manner. 


SHORT-INTEGERS 
are 8-bit signed variables which 


can take on the values between 
-128 
and + 127. 


Arithmetic operations which generate results outside of 
the range ofa SHORT-INTEGER 
will set the overflow 


indicators in the program status word. The actual nu- 
meric result returned will be the same as the equivalent 
operation on BYTE variables. There are no alignment 
restrictions on SHORT-INTEGERS 
so they may be 


placed anywhere in the MCS-96 address space. 


inter 


INTEGERS are 16-bit signed variables which can take 
on the values between - 32,768 and + 32,767. Arith- 
metic operations which generate results outside of the 
range of an INTEGER will set the overflow indicators 
in the program status word. The actual numeric result 
returned will be the same as the equivalent operation on 
WORD variables. INTEGERS 
conform to the same 
alignment and addressing rules as do WORDS. 


BITS are single-bit operands which can take on the 
Boolean values of true and false. In addition to the nor- 
mal support 
for bits as components 
of BYTE and 
WORD operands, the 8OC196KB provides for the di- 
rect testing of any bit in the internal register file. The 
MCS-96 architecture requires that bits be addressed as 
components of BYTES or WORDS, it does not support 
the direct addressing of bits that can occur in the MCS- 
51 architecture. 


DOUBLE-WORDS 
are 
unsigned 
32-bit 
variables 


which 
can 
take 
on 
the 
values 
between 
0 
and 
4,294,967,295. The MCS-96 architecture provides di- 
rect support for this operand type only for shifts and as 
the dividend in a 32 by 16 divide and the product of a 
16 by 16 multiply. For these operations a DOUBLE- 
WORD variable must reside in the on-board register 
file of the 80196KB and be aligned at an address which 
is evenly divisible by 4. A DOUBLE-WORD 
operand 
is addressed by the address of its least significant byte. 
DOUBLE-WORD 
operations which are not directly 


supported can be easily implemented with two WORD 
operations. For consistency with Intel provided soft- 
ware the user should adopt the conventions for address- 
ing DOUBLE-WORD operands which are discussed in 
Section 3.5. 


LONG-INTEGERS 
are 32-bit signed variables which 


can take on the values between -2,147,483,648 
and 
+2,147,483,647. The MCS-96 architecture provides di- 
rect support for this data type only for shifts and as the 
dividend in a 32 by 16divide and the product of a 16by 
16 multiply. 


LONG-INTEGERS 
can also be normalized. For these 


operations a LONG-INTEGER 
variable must reside in 


the onboard 
register me of the 80Cl96KB 
and be 
aligned at an address which is evenly divisible by 4. A 
LONG-INTEGER 
is addressed by' the address of its 
least significant byte. 


LONG-INTEGER 
operations which are not directly 


supported can be easily implemented with two INTE- 
GER operations. For consistency with Intel provided 
software, the user should adopt the conventions for ad- 
dressing LONG operands which are discussed in Sec- 
tion 3.5. 


Operands are accessed within the address space of the 
8OC196KB with one of six basic addressing modes. 
Some of the details of how these addressing modes 
work are hidden by the assembly language. If the pro- 
grammer is to take full advantage of the architecture, it 
is important that these details be understood. This sec- 
tion will describe the addressing modes as they are han- 
dled by the hardware. At the end of this section the 
addressing modes will be described as they are seen 
through the assembly language. The six basic address 
modes which will be described are termed register-di- 
rect, indirect, indirect with auto-increment, immediate, 
short-indexed, and long-indexed. Several other useful 
addressing operations can be achieved by combining 
these basic addressing modes with specific registers 
such as the ZERO register or the stack pointer. 


The register-direct mode is used to directly access a 
register from the 256 byte on-board register file. The 
register is selected by an 8-bit field within the instruc- 
tion and the register address must conform to the oper- 
and type's alignment rules. Depending on the instruc- 
tion, up to three registers can take part in the calcula- 
tion. 


Examples 
ADD 
AX,BX,CX 
MUL 
AX,BX 
INCB 
CL 


AX:=BX+CX 
AX:=AX*BX 
CL:=CL+l 


The indirect mode is used to access an operand by plac- 
ing its address in a WORD variable in the register file. 
The calculated address must conform to the alignment 
rules for the operand type. Note that the indirect ad- 
dress can refer to an operand anywhere within the ad- 
dress space of the 80C196KB, including the register 
file. The register which contains the indirect address is 
selected by an eight bit field within the instruction. An 
instruction can contain only one indirect reference and 
the remaining operands of the instruction (if any) must 
be register-direct references. 
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Examples 
LD 
AX, [AX] 
ADDB 
AL,BL, [CX] 
POP 
[AX] 


AX:=MEM_WORD(AX) 
AL:=BL+MEM_BYTE(CX) 
MEM_WORD(AX) :=MEM_WORD(SP) ; SP:=SP+2 


This addressing mode is the same as the indirect mode 
except that the WORD variable which contains the in- 
direct address is incremented after it is used to address 
the operand. If the instruction operates on BYTES or 


SHORT-INTEGERS 
the indirect address variable will 
be incremented by one, if the instruction operates on 
WORDS or INTEGERS 
the indirect address variable 
will be incremented by two. 


Examples 
LD 
AX, [BX]+ 
ADDB 
AL,BL,[CX]+ 
PUSH 
[AX]+ 


AX:=MEM_WORD(BX) 
; BX:=BX+2 
AL:=BL+MEM_BYTE(CX) 
; CX:=CX+1 
SP:=SP-2 ; 
MEM_WORD(SP) :=MEM_WORD(AX) 
AX:=AX+2 


This addressing mode allows an operand to be taken 
directly from a field in the instruction. For operations 
on BYTE or SHORT-INTEGER 
operands this field is 
eight bits wide, for operations on WORD or INTE- 


GER operands the field is 16 bits wide. An instruction 
can contain only one immediate reference and the re- 
maining operand(s) must be register-direct references. 


Examples 
ADD 
AX,#340 
PUSH #1234H 
DIVB AX,#lO 


AX:=AX+340 
SP:=SP-2; MEM_WORD(SP) :=1234H 
AL:=AX/10; 
AH:=AX 
MOD 10 


In this addressing mode an eight bit field in the instruc- 
tion selects a WORD variable in the register file which 
contains an address. A second eight bit field in the in- 
struction stream is sign-extended and summed with the 
WORD variable to form the address of the operand 
which will take part in the calculation. 


Since the eight bit field is sign-extended, the effective 
address can be up to 128 bytes before the address in the 
WORD variable and up to 127 bytes after it. An in- 
struction can contain only one short-indexed reference 
and the remaining operand(s) must be register-direct 
references. 


Examples 
LD. 
AX,12[BX] 
MULB 
AX,BL,3[CX] 
AX:=MEM_WORD(BX+12) 
AX:=BL*MEM_BYTE(CX+3) 


This addressing mode is like the short-indexed mode 
except that a 16-bit field is taken from the instruction 
and added to the WORD variable to form the address 
of the operand. No sign extension is necessary. An in- 


struction can contain only one long-indexed reference 
and the remaining operand(s) must be register-direct 
references. 
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Examples 
AND 
AX,BX,TABLE[CX] 
ST 
AX,TABLE[BX] 
ADDB AL,BL,LOOKUP[CX] 


AX:=BX AND MEM_WORD(TABLE+CX) 
MEM_WORD(TABLE+BX) :=AX 
AL:=BL+MEM_BYTE(LOOKUP+CX) 


The first two bytes in the register file are fixed at zero 
by the 80CI96KB hardware. In addition to providing a 
fixed source of the constant zero for calculations and 
comparisons, this register can be used as the WORD 


variable in a long-indexed reference. This combination 
of register selection and address mode allows any loca- 
tion in memory to be addressed directly. 


Examples. 


ADD 
AX,1234[0] 
POP 
5678[0] 
AX:=AX+MEM_WORD(1234) 
MEM_WORD(5678) :=MEM_WORD(SP) 
SP:=SP+2 


The system stack pointer in the 80CI96KB is accessed 
as register 18H of the internal register me. In addition 
to providing for convenient manipulation of the stack 
pointer, this also facilitates the accessing of operands in 
the stack. The top of the stack, for example, can be 


accessed by using the stack pointer as the WORD vari- 
able in an indirect reference. In a similar fashion, the 
stack pointer can be used in the short-indexed mode to 
access data within the stack. 


Examples 
PUSH 
[SP] 
LD 
AX,2[SP] 
DUPLICATE TOP_OF_STACK 
AX:=NEXT_TO_TOP 


The MCS-96 assembly language simplifies the choice of 
addressing modes to be used in several respects: 


Direct Addressing. The assembly language will choose 
between register-direct 
addressing 
and long-indexed 
with the ZERO register depending on where the oper- 
and is in memory. The user can simply refer to an oper- 
and by its symbolic name; if the operand is in the regis- 
ter file, a register-direct reference will be used, if the 
operand is elsewhere in memory, a long-indexed refer- 
ence will be generated. 


Indexed 
Addressing. 
The 
assembly 
language 
will 


choose between short and long indexing depending on 
the value of the index expression. If the value can be 
expressed in eight bits then short indexing will be used, 
if it cannot be expressed in eight bits then long indexing 
will be used. 


These features of the assembly language simplify the 
programming task and should be used wherever possi- 
ble. 


The program status word (PSW) is a collection of Boo- 
lean flags which retain information concerning the state 
of the user's program. There are two bytes in the PSW; 
the actual status word and the low byte of the interrupt 
mask. Figure 3-1 shows the status bits of the PSW. The 
PSW can be saved in the system stack with a single 
operation 
(PUSHF) 
and restored in a like manner 


(POPF). Only the interrupt section of the PSW can be 
accessed directly. There is no SFR for the PSW status 
bits. 
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Figure 3·1. PSW Register 
Z: 
The Z (Zero) flag is set to indicate that the opera- 
tion generated a result equal to zero. For the add- 
with-carry 
(ADDC) 
and 
subtract-with-borrow 
(SUBC) operations the Z flag is cleared if the re- 
sult is non-zero but is never set. These two in- 
structions are normally used in conjunction with 
the ADD and SUB instructions to perform multi- 
ple precision arithmetic. The operation of the Z 
flag for these instructions leav~s it indicating the 
proper result for the entire multiple precision cal- 
culation. 
N: 
The Negative flag is set to indicate that the opera- 
tion generated a negative result. Note that the N 
flag will be in the algebraically correct state even 
if an overflow occurs. For shift operations, includ- 
ing the normalize operation and all three forms 
(SHL, SHR, SHRA) of byte, word and double 
word shifts, the N flag will be set to the same 
value as the most significant bit of the result. This 
will be true even if the shift count is O. 


V: 
The oVerflow flag is set to indicate that the opera- 
tion generated a result which is outside the range 
for the destination data type. For the SHL, SHLB 
and SHLL instructions, the V flag will be set if the 
most significant bit of the operand changes at any 
time during the shift. For divide operations, the 
following conditions are used to determine if the V 
flag is set: 
For the 
operation: 
V is set if Quotient is: 


UNSIGNED 
BYTE DIVIDE> 
255 (OFFH) 


UNSIGNED 
WORDDIVIDE> 
65535 (OFFFFH) 


SIGNED 
BYTE 
DIVIDE 


< 
-127(8lH) 
or 
> 
l27(7FH) 


< 
-32767(800lH) 
or 
> 
32767 (7FFFH) 


SIGNED 
WORD 
DIVIDE 


VT: The oVerflow Trap flag is set when the V flag is 
set, but it is only cleared by the CLR VT, NT and 
JNVT instructions. The operation of the VT flag 
allows for the testing for a possible overflow con- 
dition at the end of a sequence of related arithme- 
tic operations. 
This is normally more efficient 
than testing the V flag after each instruction. 


C: 
The Carry flag is set to indicate the state of the 
arithmetic carry from the most significant bit of 
the ALU for an arithmetic operation, or the state 
of the last bit shifted out of an operand for a shift. 
Arithmetic Borrow after a subtract operation is 
the complement of the C flag (i.e. if the operation 
generated a borrow then C=O.) 
X: 
Reserved for future. Should always be cleared 
when writing to the PSW for compatibility with 
future products. 
I: 
The global Interrupt disable bit disables all inter- 
rupts except NMI when cleared. 


ST: The ST (STicky bit) flag is set to indicate that 
during a right shift a I has been shifted first into 
the C flag and then been shifted out. The ST flag 
is undefined after a multiply operation. The ST 
flag can be used along with the C flag to control 
rounding after a right shift. Consider multiplying 
two eight bit quantities and then scaling the result 
down to 12 bits: 


MULUB 
SHR 
AX.CL.DL 
AX.#4 
;AX:=CL*DL 
;Shift 
right 
4 
places 


If the C flag is set after the shift, it IOdicates that the 
bits shifted ofTthe end of the operand were greater-than 
or equal-to one half the least significant bit (LSB) of the 
result. If the C flag is clear after the shift, it indicates 
that the bits shifted ofTthe end of the operand were less 
than half the LSB of the result. Without the ST flag, 
the rounding decision must be made on the basis of the 
C flag alone. (Normally the result would be rounded up 
if the C flag is set.) The ST flag allows a finer resolution 
in the rounding decision: 


C 
ST 
Value of the Bits Shifted 
Off 


0 
0 
Value = 0 


0 
1 
o < Value < % LSB 


1 
0 
Value = % LSB 


1 
1 
Value> 
% LSB 


Imprecise rounding can be a major source of error in a 
numerical calculation; use of the ST flag improves the 
options available to the programmer. 
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The lower eight bits of the PSW individually mask the 
lowest 8 sources of interrupt to the 8OC196KB. These 
mask bits can be accessed as an eight bit byte (INT_ 
MASK-address 
8) in the on-board register file. A sep- 


arate register (INT_MASK1-address 
13H) contains 


the control bits for the higher 8 interrupts. A logical 'I' 
in these bit positions enables the servicing of the corre- 
sponding interrupt. Bit 9 in the PSW is the global inter- 
rupt disable. If this bit is cleared then interrupts will be 
locked out. Note that the interrupts are collected in the 
INT_PEND 
registers even if they are locked out. Exe- 
cution of the corresponding service routines will pro- 
ceed according to their priority when they become en- 
abled. Further information on the interrupt structure of 
the 80C196KB can be found in Section 5. 


The MCS-96 instruction set contains a full set of arith- 
metic and logical operations for the 8-bit data types 
BYTE and SHORT INTEGER and for the 16-bit data 
types WORD and INTEGER. The DOUBLE-WORD 
and LONG data types (32 bits) are supported for the 
products of 16 by 16 multiplies and the dividends of by 
16divides and for shift operations. The remaining oper- 
ations on 32-bit variables can be implemented by com- 
binations of l6-bit operations. As an example the se- 
quence: 


ADD 
ADDC 


AX,CX 
BX,DX 


SUB 
AX,CX 


SUBC 
BX,DX 


performs a 32-bit subtraction. 
Operations on REAL 


(i.e. floating point) variables are not supported directly 
by the hardware but are supported by the floating point 
library for the 8OC196KB (FPAL-96) 
which imple- 


ments a single precision subset of the proposed IEEE 
standard for floating point operations. The perform- 
ance of this software is significantly improved by the 
80C196KB NORML instruction which normalizes a 
32-bit variable and by the existence of the ST flag in the 
PSW. 


In addition to the operations on the various data types, 
the 8OCl96KB supports 
conversions between these 


types. LDBZE (load byte zero extended) converts a 
BYTE to a WORD and LDBSE (load byte sign extend- 
ed) converts a SHORT-INTEGER 
into an INTEGER. 


WORDS can be converted to DOUBLE-WORDS 
by 


simply clearing the upper WORD of the DOUBLE- 
WORD (CLR) and INTEGERS 
can be converted to 


LONGS with the EXT (sign extend) instruction. 


The MCS-96 instructions for addition, subtraction, and 
comparison do not distinguish between unsigned words 
and signed integers. Conditional jumps are provided to 
allow the user to treat the results of these operations as 
either signed or unsigned quantities. As an example, the 
CMPB (compare byte) instruction is used to compare 
both signed and unsigned eight bit quantities. A JH 
Gump if higher) could be used following the compare if 
unsigned operands were involved or a JGT Gump if 
greater-than) if signed operands were involved. 


Tables 3-1 and 3-2 summarize the operation of each of 
the instructions. Complete descriptions of each instruc- 
tion and its timings can be found in the MCS-96 family 
Instruction Set chapter. Examples of using the instruc- 
tion set of the MCS-96 family can be found in Chapter 
5, "Using the 8096". 
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Mnemonic 
Operands 
Operation 
(Note 
1) 
Flags 
Notes 


Z 
N 
C 
V 
VT 
ST 


ADD/ADDB 
2 
D+-D+A 
." 
." 
." 
." 
i 
- 


ADD/ADDB 
3 
D+-B+A 
." 
." 
." 
." 
i 
- 


ADDC/ADDCB 
2 
D+-D+A+C 
.l. 


." 
." 
." 
i 
- 


SUB/SUBB 
2 
D+-D-A 
." 
." 
." 
." 
i 
- 


SUB/SUBB 
3 
D+-B-A 
." 
." 
." 
." 
i 
- 


SUBC/SUBCB 
2 
D+-D-A+C-1 
.l. 


." 
." 
." 
i 
- 


CMP/CMPB 
2 
D-A 
." 
." 
." 
." 
i 
- 


MULIMULU 
2 
0,0 + 2 +- 
0 x A 
- 
- 
- 
- 
- 
- 
2 


MULIMULU 
3 
0,0 + 2 +- 
B x A 
- 
- 
- - 
- 
- 
2 


MULB/MULUB 
2 
0,0 + 1 +- 
0 x A 
- 
- 
- 
- 
- 
- 
3 


MULB/MULUB 
3 
0,0 + 1 +- 
B x A 
- 
- 
- 
- 
- 
- 
3 


DIVU 
2 
o +- (0,0 + 2) / A,D + 2 +- 
remainder - 
- 
- 
." 
i 
- 
2 


DIVUB 
2 
o +- (0,0 + 1)/ A,D + 1 +- 
remainder - 
- 
- 
." 
i 
- 
3 


DIV 
2 
o +- (0,0 + 2) / A,D + 2 +- 
remainder - 
- 
- 
." 
i 
- 


DIVB 
2 
0+-(0,0 
+ 1)/A,D + 1 +- 
remainder - 
- 
- 
." 
i 
- 


AND/ANDB 
2 
o +- 
DANDA 
." 
." 
0 
0 
- 
- 


AND/ANDB 
3 
o +- 
BANDA 
." 
." 
0 
0 
- 
- 


OR/ORB 
2 
o +- 
DORA 
." 
." 
0 
0 
- 
- 


XOR/XORB 
2 
o +- 
0 (ecxl.or) A 
." 
." 
0 
0 
- 
- 


LD/LDB 
2 
D+-A 
- 
- 
- 
- 
- 
- 


ST/STB 
2 
A+-D 
, 
- 
- 
- 
- 
- 
- 


LDBSE 
2 
o +- 
A; 0 + 1 +- 
SIGN(A) 
- 
- 
- 
- 
- 
- 
3,4 


LDBZE 
2 
D+-A;D+1 
+-0 
- 
- 
- 
- 
- 
- 
3,4 


PUSH 
1 
SP +- 
SP - 2; (SP) +- 
A 
- 
- 
- 
- 
- 
- 


POP 
1 
A +- 
(SP);SP + 2 
- 
- 
- 
- 
- 
- 


PUSHF 
0 
SP +- 
SP - 2; (SP) +- 
PSW; 
0 
0 
0 
0 
0 
0 


PSW +- 
OOOOH; 
I+-O 


POPF 
0 
PSW +- 
(SP);SP +- 
SP + 2; I+-." 
." 
." 
." 
." 
." 
." 


SJMP 
1 
PC +- 
PC + 11-bitoffset 
- 
- 
- 
- 
- 
- 
5 


LJMP 
1 
PC +- 
PC + 16-bitoffset 
- 
- 
- 
- 
- 
- 
5 
BR[jndirect] 
1 
PC+- 
(A) 
- 
- 
- 
- 
- 
- 


SCALL 
1 
SP +- 
SP - 2; 
- 
- 
- 
- 
- 
- 
5 


(SP) +- 
PC;PC +- 
PC + 11-bitoffset 


LCALL 
1 
SP +- 
SP - 2; (SP) +- 
PC; 
- 
- 
- 
- 
- 
- 
5 


PC +- 
PC + 16-bitoffset 


Mnemonic 
Operands 
Operation (Note 1) 
Flags 
Notes 


Z 
N 
C 
V 
VT ST 


RET 
0 
PC +- 
(SP);SP +- 
SP + 2 
- 
- - - 
- 
- 


J (conditional) 
1 
PC +- 
PC + a·bit offset (if taken) 
- 
- 
- 
- 
- 
- 
5 


JC 
1 
Jump if C = 1 
- 
- 
- - 
- 
- 
5 


JNC 
1 
jumpifC = 0 
- 
- 
- 
- 
- 
- 
5 
.. 


JE 
1 
jump if Z = 1 
- 
- 
- 
- 
- 
- 
5 


JNE 
1 
Jump if Z = 0 
- 
- 
- 
- 
- 
- 
5 


JGE 
1 
Jump if N = 0 
- 
- 
- 
- 
- - 
5 


JLT 
1 
Jump if N = 1 
- 
- 
- 
- 
- 
- 
5 


JGT 
1 
Jump if N = 0 and Z = 0 
- 
- 
- 
- 
- 
- 
5 


JLE 
1 
Jump if N = 1 or Z = 1 
- 
- 
- 
- 
- 
- 
5 


JH 
1 
Jump if C = 1 and Z = 0 
- 
- 
- 
- 
- 
- 
5 


JNH 
1 
Jump if C = 0 or Z = 1 
- 
- 
- 
- 
- 
- 
5 


JV 
1 
Jump if V = 0 
- 
- 
- 
- 
- 
- 
5 


JNV 
1 
Jump if V = 1 
- 
- 
- 
- 
- 
- 
5 


JVT 
1 
Jump if VT= 1; Clear VT 
- 
- 
- 
- 
0 
- 
5 


JNVT 
1 
Jump if VT = 0; Clear VT 
- 
- 
- 
- 
0 
- 
5 


JST 
1 
Jump if ST = 1 
- 
- 
- 
- 
- 
- 
5 


JNST 
1 
Jump if ST = 0 
- 
- 
- 
- 
- 
- 
5 


JBS 
3 
Jump if Specified Bit = 1 
- 
- 
- 
- 
- 
- 
5,6 


JBC 
3 
Jump if Specified Bit = 0 
- 
- 
- 
- 
- 
- 
5,6 


DJNZI 
1 
D+-D-1; 
- 
- 
- 
- 
- 
- 
5 
DJNZW 
If D "* 0 then PC +- 
PC + a-bit offset 
10 


DEC/DECB 
1 
D+-D-1 
'" 
'" 
'" 
'" i 
- 


NEG/NEGB 
1 
D+-O-D 
'" 
'" 
'" 
'" i 
- 


INC/INCB 
1 
D+-D+1 
'" 
'" 
'" 
'" i 
- 


EXT 
1 
D +- 
D; D + 2 +- 
Sign (D) 
'" 
'" 
0 
0 
- 
- 
2 


EXTB 
1 
D +- 
D; D + 1 +- 
Sign (D) 
'" 
'" 
0 
0 
- 
- 
3 


NOTINOTB 
1 
D +- 
Logical Not (D) 
'" 
'" 
0 
0 
- 
- 


CLR/CLRB 
1 
D+-O 
1 
0 
0 
0 
- 
- 


SHL/SHLB/SHLL 
2 
C +- 
msb····· 
Isb +- 
0 
'" 
'" 
'" 
'" i 
- 
7 


SHRISHRB/SHRL 
2 
o ~ 
msb - •••• 
Isb ~ 
C 
'" 
'" 
'" 
0 
- 
'" 
7 


SHRAISHRAB/SHRAL 
2 
msb ~ 
msb· - - - - Isb ~ 
C 
'" 
'" 
'" 
0 
- 
'" 
7 


SETC 
0 
C+-1 
- 
- 
1 - 
- 
- 


CLRC 
0 
C+-O 
- 
- 
0 
- 
- 
- 
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Mnemonic 
Operands 
Operation 
(Note 
1) 
Flags 
Notes 


Z 
N 
C 
V 
VT 
ST 


CLRVT 
0 
VT 
- 
0 
- 
- 
- 
- 
0 
- 


RST 
0 
PC - 
2080H 
0 
0 
0 
0 
0 
0 
8 


DI 
0 
Disable All Interupts 
(I - 
0) 
- 
- 
- 
- 
- 
- 


EI 
0 
Enable All Interupts 
(I - 
1) 
- 
- 
- 
- 
- 
- 


NOP 
0 
PC- 
PC + 1 
- 
- 
- 
- 
- 
- 


SKIP 
0 
PC- 
PC + 2 
- 
- 
- 
- 
- 
- 


NORML 
2 
Left shift till msb = 1; D - 
shift count 
"" 
"" 
0 
- 
- 
- 
7 


TRAP 
0 
SP - 
SP - 
2; 
- 
-- - 
- 
- 
- 
9 


(SP) - 
PC; PC - 
(2010H) 


PUSHA 
1 
SP - 
SP-2; (SP) 
- 
PSW; 
0 
0 
0 
0 
0 
0 


PSW 
- 
OOOOH;SP - 
SP-2; 
(SP) 
- 
IMASK1/WSR; 
IMASK1 
- 
OOH 


POPA 
1 
IMASK1/WSR 
- 
(SP); SP - 
SP+2 
"" 
"" 
"" 
"" 
"" 
"" 


PSW 
- 
(SP); SP - 
SP+2 


IDLPD 
1 
IDLE MODE IF KEY = 1; 
- 
- 
- 
- 
- 
- 


POWER DOWN MODE IF KEY = 2; 
CHIP RESET OTHERWISE 


CMPL 
2 
D-A 
"" 
"" 
"" 
"" 
t 
- 


BMOV 
2 
[PTR_HI) 
+ 
- 
[PTR_LOWl 
+ ; 
- 
- 
- 
- 
- 
- 


UNTIL COUNT = 0 


NOTES: 
1. If the mnemonic ends in "B" a byte operation is performed, otherwise a word operation is done. Operands is done. 
Operands D, B, and A must conform to the alignment rules for the required operand type. D and B are locations in the 
Register File; A can be located anywhere in memory. 
2. D,D + 2 are consecutive WORDS in memory; D is DOUBLE-WORD aligned. 
3. D,D + 1 are consecutive BYTES in memory; D is WORD aligned. 
4. Changes a byte to word. 
5. Offset is a 2's complement number. 
6. Specified bit is one of the 2048 bits in the register file. 
7. The "L" (Long) suffix indicates double-word operation. 
8. Initiates a Reset by pulling RESET low. Software should re-initialize all the necessary registers with code starting at 
2080H. 
9. The assembler will not accept this mnemonic. 
10. The DJNZW instruction is not guaranteed to work. See Functional Deviations section. 


MNEMONIC 
DIRECT 
IMMED 
INDIRECT 
INDEXED 


NORMAL' 
A-INC' 
SHORT' 
LONG' 


ADD (3-op) 
5 
6 
7/10 
8/11 
7/10 
8/11 


SUB (3-op) 
5 
6 
7/10 
8/11 
7/10 
8/11 
ADD (2-op) 
4 
5 
6/8 
7/9 
6/8 
7/9 


SUB (2-op) 
4 
5 
6/8 
7/9 
6/8 
7/9 


ADDC 
4 
5 
6/8 
7/9 
6/8 
7/9 


SUBC 
4 
5 
6/8 
7/9 
6/8 
7/9 


CMP 
4 
5 
6/8 
7/9 
6/8 
7/9 


ADDB 
(3-op) 
5 
5 
7/10 
8/11 
7/10 
8/11 


SUBB 
(3-op) 
5 
5 
7/10 
8/11 
7/10 
8/11 


ADDB 
(2-op) 
4 
4 
6/8 
7/9 
6/8 
7/9 


SUBB (2-op) 
4 
4 
6/8 
7/9 
6/8 
7/9 


ADDCB 
4 
4 
6/8 
7/9 
6/8 
7/9 


SUBCB 
4 
4 
6/8 
7/9 
6/8 
7/9 


CMPB 
4 
4 
6/8 
7/9 
6/8 
7/9 


MUL (3-op) 
16 
17 
18/21 
19/22 
19/22 
20/23 


MULU 
(3-op) 
14 
15 
16/19 
17/19 
17/20 
18/21 
MUL (2-op) 
16 
17 
18/21 
19/22 
19/22 
20/23 
MULU 
(2-op) 
14 
15 
16/19 
17/19 
17/20 
18/21 


DIV 
26 
27 
28/31 
29/32 
29/32 
30/33 


DIVU 
24 
25 
26/29 
27/30 
27/30 
28/31 


MULB 
(3-op) 
12 
12 
14/17 
13/15 
15/18 
16/19 


MULUB 
(3-op) 
10 
10 
12/15 
12/16 
12/16 
14/17 


MULB 
(2-op) 
12 
12 
14/17 
15/18 
15/18 
16/19 


MULUB 
(2-op) 
10 
10 
12/15 
13/15 
12/16 
14/17 


DIVB 
18 
18 
20/23 
21/24 
21/24 
22/25 


DIVUB 
16 
16 
18/21 
19/22 
19/22 
20/23 


AND (3-op) 
5 
6 
7/10 
8/11 
7/10 
8/11 


AND (2-op) 
4 
5 
6/8 
7/9 
6/8 
7/9 


OR (2-op) 
4 
5 
6/8 
7/9 
6/8 
7/9 


XOR 
4 
5 
6/8 
7/9 
6/8 
7/9 


AN DB (3-op) 
5 
5 
7/10 
8/11 
7/10 
8/11 


AN DB (2-op) 
4 
4 
6/8 
7/9 
6/8 
7/9 


ORB 
(2-op) 
4 
4 
6/8 
7/9 
6/8 
7/9 


XORB 
4 
4 
6/8 
7/9 
6/8 
7/9 


LD/LDB 
4 
5 
5/8 
6/8 
6/9 
7/10 


ST/STB 
4 
5 
5/8 
6/9 
6/9 
7/10 


LDBSE 
4 
4 
5/8 
6/8 
6/9 
7/10 


LDBZE 
4 
4 
5/8 
6/8 
6/9 
7/10 


BMOV 
6+8 perword 
6 + 11/14 perword 


PUSH (intstack) 
6 
7 
9/12 
10/13 
10/13 
11/14 


POP (intstack) 
8 
- 
10/12 
11/13 
11/13 
12/14 


PUSH (extstack) 
8 
9 
11/14 
12/15 
12/15 
13/16 


POP (extstack) 
11 
- 
13/15 
14/16 
14/16 
15/17 


NOTE: 
1. Execution times may be slightly higher depending on the instruction stream being executed. The 80C196KB has a four 
byte queue for prefetching instructions. The instruction execution times may be longer if the prefetch queue is empty. For 
sixteen bit mode, the prefetch queue is rarely empty, therefore, the minimum instruction times should apply. 


inter 


MNEMONIC 
MNEMONIC 


PUSHF (int stack) 
6 
PUSHF (ext stack) 
8 
POPF (int stack) 
7 
POPF (ext stack) 
10 
PUSHA (int stack) 
12 
PUSHA (ext stack) 
18 
POPA (int stack) 
12 
POPA (ext stack) 
18 


TRAP (int stack) 
16 
TRAP (ext stack) 
18 
LCALL (int stack) 
11 
LCALL (ext stack) 
13 
SCALL (int stack) 
11 
SCALL (ext stack) 
13 
RET (int stack) 
11 
RET (ext stack) 
14 


CMPL 
7 
OEC/OECB 
3 
CLR/CLRB 
3 
EXT/EXTB 
4 
NOT/NOTB 
3 
INC/INCB 
3 
NEG/NEGB 
3 


LJMP 
7 
SJMP 
7 
BR [indirect] 
7 
JNST, JST 
4/8 jump not taken/jump 
taken 
JNH, JH 
4/8 jump not taken/jump 
taken 
JGT,JLE 
4/8 jump not taken/jump 
taken 
JNC, JC 
4/8 jump not taken/jump 
taken 
JNVT,JVT 
4/8 jump not taken/jump 
taken 
JNV, JV 
4/8 jump not taken/jump 
taken 
JGE, JLT 
4/8 jump not taken/jump 
taken 
JNE, JE 
4/8 jump not taken/jump 
taken 
JBC, JBS 
5/9 jump not taken/jump 
taken 


OJNZ 
5/9 jump not taken/jump 
taken 
OJNZW (Note 1) 
5/9 jump not taken/jump 
taken 


NORML 
8 + 1 per shift (9 for 0 shift) 
SHRL 
7 + 1 per shift (8 for 0 shift) 
SHLL 
7 + 1 per shift (8 for 0 shift) 
SHRAL 
7 + 1 per shift (8 for 0 shift) 
SHR/SHRB 
6 + 1 per shift (7 for 0 shift) 
SHL/SHLB 
6 + 1 per shift (7 for 0 shift) 
SHRAISHRAB 
6 + 1 per shift (7 for 0 shift) 


CLRC 
2 
SETC 
2 
01 
2 
EI 
2 
CLRVT 
2 
NOP 
2 
RST 
15 (includes 
fetch of configuration 
byte) 
SKIP 
3 
10LPO 
8/25 (proper key/improper 
key) 


NOTE: 
1. The DJNZW 
instruction 
is not guaranteed 
to work. 
See Functional 
Deviations 
section. 


3.5 
80C196KB 
Instruction 
Set 
Additions 
and Differences 


For users already familiar with the 8096BH, there are 
six instructions added to the standard MCS-96 instruc- 
tion set to form the 8OCl96KB instruction set. All of 
the former instructions perform the same function, ex- 
cept as indicated in the next section. The new instruc- 
tions and their descriptions are listed below: 
PUSHA - 
PUSHes 
the 
PSW, 
INT_MASK, 
IMASK1, and WSR 


POPA 
- 
POPs the PSW, INT_MASK, 
IMASK1, 


and WSR 


IDLPD 
- 
Sets the part into IDLE or Powerdown 
mode 


CMPL 
- 
Compare 2 long direct values 


BMOV 
- 
Block move using 2 auto-incrementing 
pointers and a counter 


DJNZW - 
Decrement Jump Not Zero using a Word 
counter (Not functional on current step- 
ping.) 


Instruction 
times on the 80C196KB are shorter than 


those on the 8096 for many instructions. For example a 
16X 16 unsigned multiply has been reduced from 25 to 
14 states. In addition, many zero and one operand in- 
structions and most instructions using external data 
take one or two fewer state times. 


Indexed and indirect operations relative to the stack 
pointer (SP) work differently on the 80C196KB than 
on the 8096. On the 8096, the address is calculated 
based on the un-updated version of the stack pointer. 
The 8OC196KB uses the updated version. The offset for 
PUSH[SP], POP[SP], PUSH nn[SP] and POP nn[SP] 
instructions may need to be changed by a count of 2. 


3.6 Software 
Standards 
and 
Conventions 


For a software project of any size it is a good idea to 
modularize 
the program 
and to establish standards 


which control the communication between these mod- 
ules. The nature of these standards will vary with the 
needs of the final application. A common component of 
all of these standards, however, must be the mechanism 
for passing parameters to procedures and returning re- 
sults from procedures. In the absence of some overrid- 
ing consideration which prevents their use, it is suggest- 
ed that the user conform to the conventions adopted by 
the PLM-96 programming language for procedure link- 
age. It is a very usable standard for both the assembly 


language and PLM-96 environment and it offers com- 
patibility between these environments. Another advan- 
tage is that it allows the user access to the same floating 
point arithmetics library that PLM-96 uses to operate 
on REAL variables. 


The MCS-96 architecture provides a 256 byte register 
file. Some of these registers are used to control register- 
mapped I/O 
devices and for other special functions 


such as the ZERO register and the stack pointer. The 
remaining bytes in the register file, some 230 of them, 
are available for allocation by the programmer. If these 
registers are to be used effectively, some overall strategy 
for their allocation must be adopted. PLM-96 adopts 
the simple and effective strategy of allocating the eight 
bytes between addresses lCH and 23H as temporary 
storage. The starting address of this region is called 
PLMREG. 
The remaining area in the register file is 
treated as a segment of memory which is allocated as 
required. 


These operands are formed from two adjacent 16-bit 
words in memory. The least significant word of the 
double word is always in lower address, even when the 
data is in the stack (which means that the most signifi- 
cant word must be pushed into the stack first). A dou- 
ble word is addressed by the address of its least signifi- 
cant byte. Note that the hardware supports some opera- 
tions on double words (e.g. normalize and divide). For 
these operations the double word must be in the inter- 
nal register file and must have an address which is 
evenly divisible by four. 


Parameters are passed to subroutines in the stack. Pa- 
rameters are pushed into the stack in the order that 
they are encountered in the scanning of the source text. 
Eight-bit 
parameters 
(BYTES 
or 
SHORT-INTE- 


GERS) are pushed into the stack with the high order 
byte undefined. Thirty-two bit parameters (LONG-IN- 
TEGERS, 
DOUBLE-WORDS, 
and 
REALS) 
are 


pushed onto the stack as two 16-bit values; the most 
significant half of the parameter 
is pushed into the 


stack first. 


As an example, consider the following PLM-96 proce- 
dure: 


example_procedure: 
PROCEDURE 
(param 1,param2,param3); 


DECLARE 
paraml BYTE, 
param2 DWORD, 
param3 WORD; 


inter 


When this procedure is entered at run time the stack 
will contain the parameters in the followingorder: 


?????? : param1 


high word of param2 


low word of param2 


param3 


return address 
- 
Stack-pointer 


Figure 3·5. Stack Image 


If a procedure returns a value to the calling code (as 
opposed to modifying more global variables) then the 
result is returned in the variable PLMREG. PLMREG 
is viewed as either an 8-, 16-or 32-bit variable depend- 
ing on the type of the procedure. 


The standard calling convention adopted by PLM-96 
has several key features: 
a) Procedures can always assume that the eight bytes of 


register file memory starting at PLMREG can be 
used as temporaries within the body of the proce- 
dure. 


b) Code which calls a procedure must assume that the 


eight bytes of register file memory starting at 
PLMREG are modified by the procedure. 
c) The Program Status Word (pSW-see 
Section 3.3) is 


not saved and restored by procedures so the calling 
code must assume that the condition flags (Z, N, Y, 
YT, C, and ST) are modified by the procedure. 
d) Function results from procedures are always re- 


turned in the variable PLMREG. 


PLM-96 allows the definition of INTERRUPT proce- 
dures which are executed when a predefined interrupt 
occurs. These procedures do not conform to the rules of 
a normal procedure. Parameters cannot be passed to 
these procedures and they cannot return results. Since 
they can execute essentiallyat any time (hence the term 
interrupt), these procedures must save the PSW and 
PLMREG when they are entered and restore these val- 
ues before they exit. 


Several features to assist in recovery from hardware 
and software errors are available on the- 80C196KB. 
Protection is also provided against executing unimple- 
mented opcodes by the unimplemented opcode inter- 
rupt. In addition, the hardware reset instruction (RST) 
can cause a reset if the program counter goes out of 
bounds. This instruction has an opcode of OFFH, so if 
the processor reads in bus lines which have been pulled 
high it will reset itself. 


It is recommended that unused areas of code be filled 
with NOPs and periodic jumps to an error routine or 
RST (reset chip) instructions. This is particularly im- 
portant in the code around lookup tables, since if look- 
up tables are executed undesired results will occur. 
Wherever space allows, each table should be surround- 
ed by 7 NOPs (the longest 80C196KB instruction has 7 
bytes) and a RST or jump to error routine instruction. 
Since RST is a one-byte instruction, the NOPs are not 
needed if RSTs are used instead of jumps to an error 
routine. This will help to ensure a speedy recovery 
should the processor have a glitch in the program flow. 


The Watchdog Timer (WDT) further protects against 
software and hardware errors. When using the WDT to 
protect software it is desirable to reset it from only one 
place in code, lessening the chance of an undesired 
WDT reset. The section of code that resets the WDT 
should monitor the other code sections for proper oper- 
ation. This can be done by checking variables to make 
sure they are within reasonable values. Simply using a 
software timer to reset the WDT every 10milliseconds 
will provide protection only for catastrophic failures. 


There are fivemajor peripherals on the 8OC196KB:the 
pulse-width-modulated output (PWM), Timerl 
and 


Timer2, High Speed I/O Unit, Serial Port and A/O 
Converter. Minor peripherals on the 8OCl96KB in- 
clude the watchdog timer and clock failure detect. With 
the exception of the high speed I/O unit (HSIO), each 
of the peripherals is a single unit that can be discussed 
without further separation. 


Four individual sections make up the HSIO and work 
together to form a very flexible timer/counter pased 
110 system. Included in the HSIO are a 16-bit timer 
(Timerl), a 16-bit up/down counter (Timer2), a pro- 
grammable high speed input unit (HSI), and a pro- 
grammable high speed output unit (HSO). With very 
little CPU overhead the HSIO can measure pulse 
widths, generate waveforms, and create periodic inter- 
rupts. Depending on the application, it can perform the 
work of up to 18timer/counters and capture/compare 
registers. 


A brief description of the peripheral functions and in- 
terractions is included in this section. It provides over- 
viewinformation prior to the detailed discussion' in the 
followingsections. All of the details on control bits and 
precautions are in the individual sections for each pe- 
ripheral starting with Section 5. 


intJ 


4.1 
Pulse Width Modulation 
Output 
(D/A) 


Digital to analog conversion can be done with the Pulse 
Width Modulation output. The 8-bit counter is incre- 
mented every state time. When it equals 0, the PWM 
output is set to a one. When the counter matches the 
value in the PWM register, the output is switched low. 
When the counter overflows, the output is once again 
switched high. A typical output waveform is shown in 
Figure 4-1. 


The output waveform is a variable duty cycle pulse 
which repeats every 256 state times or 512 state times if 
the prescaler is enabled. Changes in the duty cycle are 
made by writing to the PWM register. There are several 
types of motors which require a PWM waveform for 


most efficient operation. Additionally, if this waveform 
is integrated it will produce a DC level which can be 
changed in 256 steps by varying the duty cycle. 


Two 
16-bit timers 
are 
available 
for 
use 
on 
the 


80C196KB. The first is designated "Timed", 
the sec- 


ond "Timer2". Timed is used to synchronize events to 
real time, while Timer2 is clocked externally and syn- 
chronizes events to external occurrences. The timers 
are the time bases for the High Speed Input (HSI) and 
High Speed Output (HSO) units and can be considered 
an integral part of the HSI/O. A block diagram of the 
Timers is shown in Figure 4-2. 


inter 


Timerl 
is a free-running timer which is incremented 
every eight state times, just as it is on the 8096. It can 
be read and written, but care'must be taken when wnt- 
ing to it if the High Speed I/O (HSIO) Subsy~t.emis 
being used. The precautions necessary when wntmg to 
Timerl are described in Section 7. Timerl can cause an 
interrupt when it overflows. 


Timer2 counts transitions, both positive and negative, 
on its input which can be either the T2CLK pin or the 
HSI.I pin. Timer2 can be read and written and can be 
reset by hardware, software or the HSO unit. It can be 
used as an up/down counter based on Port 2.6 and it's 
value can be captured into the T2CAPture register. 


The maximum input transition speed is once every 8 
states times or once per state time in the Fast Incre- 
ment mode. In the fast mode and when counting in two 
directions, 
precautions 
must 
be taken 
when using 
Timer2 with the HSO. Details are included in Section 
7, Timer descriptions. Interrupts can be generated on 
capture events and if Timer2 crosses the OFFFFH/ 
OOOOHboundary or the 7FFFH/8000h 
boundary in ei- 
ther direction. 


4.3 
High Speed Inputs (HSI) 


The High Speed Input (HSI) unit can capture the value 
of Timerl 
when an event takes place on one of four 
input lines (HSI.0-HSI.3). 
Four types of events can 
trigger a capture: rising edges only, falling edges only, 
rising or falling edges, or every eighth rising edge. 
Whenever the every eighth rising edge mode is entered 
the divide-by-8 counter is reset, allowing very fast puls- 
es to be measured and counted. A block diagram of this 
unit is shown in Figure 4-3. 


When events occur, the Timerl value gets stored in the 
FIFO along with 4 status bits which indicate the input 
line(s) that caused the event. The next event ready to be 
unloaded from the FIFO is placed in the HSI Holding 
Register, so a total of 8 pieces of data can be stored in 
the FIFO. Data is taken off the FIFO by reading the 
HSI_ST ATUS 
register, 
followed 
by 
reading 
the 
HSI_TIME 
register. When the time register is read 
the next FIFO location is loaded into the holding regis- 
ter. 


Three forms of HSI interrupts can be generated: each 
time a value moves from the FIFO into the holding 


register; when the FIFO (independent of the holding 
register) has 4 or more events stored; and when the 
FIFO has 6 or more events stored. This flexibility al- 
lows optimization of the HSI for the expected frequen- 
cy of interrupts. 


Independent of the HSI operation, the state of the H~I 
lines is indicated by 4 bits of the HSI_ST ATUS regIs- 
ter. Also independent of the HSI operation is the HSI.O 
pin interrupt, which can be used as an extra exte~al 
interrupt even if the pin is not enabled to the HSI umt. 


The High Speed Output (HSO) unit ca~ generate ~vents 
at specified times or counts based on Tlmerl or Tlmer2 
with minimal CPU overhead. A block diagram of the 
HSO unit is shown in Figure 4-4. Up to 8 pending 
events can be stored in the CAM (Content Addressable 
Memory) of the HSO unit at one time. Commands are 
placed into the HSO unit by first writing to HSO_ 
COMMAND 
with the event to occur, and then to 
HSO_TIME 
with the timer match value. 


Fourteen different types of events can be triggered by 
the HSO: 8 external and 6 internal. There are two inter- 
rupt vectors associated with the HSO, one for external 
events and one for internal events. External events con- 
sist of switching one or more of the 6 HSO lines 
(HSO.0-HSO.5). HSO.4 and HSO.5 share pins w!th 
HSI.2 and HSI.3 and it is possible to have these pms 
enabled for both functions. Internal events include set- 
ting up 4 Software Timers, resetting Timer2, and start- 
ing an AID conversion. The software timers are flags 
that can be set by the HSO and optionally cause inter- 
rupts. 


The serial port on the 8OCl96KB is functionally com- 
patible with the serial port on the MCS-51 and MCS-96 
families of microcontrollers. 
One synchronous 
and 
three asynchronous modes are available. The asynchro- 
nous modes are full duplex, meaning they can transmit 
and receive at the same time. Double buffering is pro- 
vided for the receiver so that a second byte can be re- 
ceived before the first byte has been read. The transmit- 
ter is also double buffered, allowing bytes to be written 
while transmission is still in progress. 


The Serial Port STATus (SP_STAT) 
register contains 
bits to indicate receive overrun, parity, and framing er- 
rors, and transmit and receive interrupts. 


HSI Trigger 
Options 


16-BIT 


XTAL1!16 


HSI.O 
TRIGGERED 
HSI.1 
INPUT(S) 
16 
CHANGE 


HSI.2 
DETECTOR 


HSI.3 


8 


----.L- 
HI TO LO 
---.r- 
LO TO HI 


-IHiOR 
L0l- 


I 
j 
..nnnnnnnnr 


EVERY EIGHTH POSITIVE 


TRANSITION 


270651-6 


Figure 4·3. HSI Block Diagram 


16-BIT 
16-BIT 


XTAL1/16 
T2CLK 
T2RST 
CONTROL 
LOGIC 


23 


CAM FILE 


HIGH 
SPEED 
OUTPUT 
CONTROLS 
6 PINS 
4 SOFTWARE 
TIMERS 
2 INTERRUPTS 
INITIATE 
AID 
CONVERSION 
RESET 
TIMER2 


Mode 0 is a synchronous mode which is commonly 
used for shift register based I/O expansion. Sets of 8 
bits are shifted in or out of the 80Cl96KB with a data 
signal and a clock signal. 


Mode 1 is the standard asynchronous communications 
mode: the data frame used in this mode consists of 10 
bits: a start bit (0), 8 data bits (LSB first), and a stop bit 
(1). Parity can be enabled to send an even parity bit 
instead of the 8th data bit and to check parity on recep- 
tion. 


Modes 2 and 3 are 9-bit modes commonly used for 
multi-processor communications. The data frame used 
in these modes consist of a start bit (0), 9 data bits (LSB 
first), and a stop bit (1). When transmitting, the 9th 
data bit can be set to a one to indicate an address or 
other global transmission. Devices in Mode 2 will be 
interrupted only if this bit is set. Devices in Mode 3 will 
be interrupted 
upon any reception. This provides an 


easy way to have selective reception on a data link. 
Mode 3 can also be used to send and receive 8 bits of 
data plus even parity. 


Baud rates are generated in an independent 
IS-bit 


counter based on either the TICLK pin or XTALI pin. 
Common baud rates can be easily generated with stan- 
dard crystal frequencies. A maximum baud rate of 750 
Kbaud is available in the asynchronous modes with 
12MHz on XTAL1. The synchronous mode has a max- 
imum rate of 3.0 Mbaud with a 12 MHz clock. 


The 80Cl96KB's Analog interface consists of a sample- 
and-hold, an 8-channel multiplexer, and a lO-bit suc- 
cessive approximation 
analog-to-digital 
converter. 
A 


conversion takes 18.2 fLs at 10 MHz. 


Analog signals can be sampled by any of the 8 analog 
input pins (ACHO through ACH7) which are shared 
with Port O. An AID conversion is performed on one 
input at a time using successive approximation with a 
result equal to the ratio of the input voltage divided by 
the analog supply voltage. If the ratio is 1.00, then the 


result will be all ones. The AID Command Register 
selects which channel to convert and whether to start 
converting immediately or wait for the HSO to trigger 
it. 


There are five 8-bit 110 ports on the 8OC196KB. Some 
of these ports are input only, some are output only, 
some are bidirectional and some have multiple func- 
tions. In addition to these ports, the HSI/O lines can be 
used as standard I/O lines if their timer related features 
are not needed. 


Port 0 is an input port which is also the analog input 
for the AID converter. Port 1 is a quasi-bidirectional 
port and the 3MSBs of Port 1 are multiplexed with the 
HOLD/HLDA 
functions. Port 2 contains three types 


of port lines: quasi-bidirectional, input and output. Its 
input and output lines are shared with other functions 
such as serial port receive and transmit and Timer2 
clock and reset. Ports 3 and 4 are open-drain bidirec- 
tional ports which share their pins with the address/ 
data bus. 


Quasi-bidirectional pins can be used as input and out- 
put pins without the need for a data direction register. 
They output a strong low value and a weak high value. 
The weak high value can be externally pulled low pro- 
viding an input function. A detailed explanation of 
these ports can be found in Section 12. 


4.8 Watchdog 
Timer and Clock Failure 
Detect 


The Watchdog Timer (WDT) provides a means to re- 
cover gracefully from a software upset. When the 
watchdog is enabled it will initiate a hardware reset 
unless the software clears it every 64K state times. 
Hardware resets on the 8OC196KB cause the RESET 
input pin to be pulled low, providing a reset signal to 
other components on the board. The WDT is indepen- 
dent of the other timers on the 80C196KB. 


Clock failure detection can be enabled to cause the 
RESET line to be pulled low if the oscillator falls below 
a certain frequency. Since the I/O lines are statically 
driven to a known state with RESET low, the system 
can be made to go to a safe condition if it fails. 


inter 


Twenty-eight (28) sources of interrupts are available on 
the 80C196KB. These sources are gathered into IS vec- 
tors plus special vectors for NMI, the TRAP instruc- 
tion, and Unimplemented Opcodes. Figure 5-1 shows 
the routing of the interrupt sources into their vectors as 
well as the control bits which enable some of the 
sources. 


Three 
special 
interrupts 
are 
available 
on 
the 


80C196KB: NMI, TRAP and Unimplemented opcode. 
The external NMI pin generates an unmaskable inter- 
rupt for implementation of critical interrupt routines. 
The TRAP instruction is useful in the development of 
custom software debuggers or generation of software 
interrupts. The unimplemented opcode interrupt gener- 
ates an interrupt when unimplemented opcodes are exe- 


4THFIFOENTRY----------HSI 
FIFO4 


UNIMPLEMENTED 
OPCODE 
----------UNIMPLEMENTED 
OPCODE 


TRAPINSTRUCTION 
----------SOFlWARE 
TRAP 


EXTINT--- 
••------EXTINT 
PIN(NEW) 
~IOC1.l 
- 
EXTINT 


TIFLAG--- 
•••••••••• 
_-----TI 
FLAG(NEW) 


./t------SERIAL 
PORT 
RIFLAG 
RIFLAG(NEW) 


SWTO-3-------11 SOFlWARETIMER 
RESETTIMER2 
STARTA/D------- 


HSI.OPIN----------HSI.O 
PIN 


HSOLINES0- 5 ----------HIGH 
SPEEDOUTPUT 


HSIFIFOIS FULL--- 
••------HSI 
FIFOFULL(NEW) 
~IOC1.7 
HSIHOLDINGREGISTER 
LOADED 
- 
HSIDATAAVAILABLE 


A/D CONVERSION 
COMPLETE 
----------A/D 
CONVERSION 
COMPLETE 


TIMER2 OVERFLOW 
(OOOOH 
OR8000H)--- 
••------TIMER 
2 OVERFLOW 
(NEW) 
~IOC1.3 
TIMER1 OVERFLOW 
- 
TIMEROVERFLOW 
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cuted. This provides software recovery from random 
execution during hardware and software failures. Al- 
though available for customer use, these interrupts may 
be used in Intel development tools or evaluation boards. 


NMI, 
the external Non-Maskable 
Interrupt, 
is the 
highest priority interrupt. It vectors indirectly through 
location 203EH. For design symmetry, a mask bit ex- 
ists in INT_MASKI 
for the NMI. To prevent acci- 
dental masking of an NMI, the bit does not function 
and will not stop an NMI from occurring. For future 
compatibility, the NMI mask bit should be set to zero. 


NMI on the 8096 vectored directly to location OOOOH, 
so for the 80CI96KB to be compatible with 8096 soft- 
ware, which uses the NMI, location 203EH must be 
loaded with OOOOH.The NMI interrupt vector and in- 
terrupt vector location is used by some Intel develop- 
ment tools. For example, the EV8OCl96KB evaluation 
board uses the NMI to process serial communication 
interrupts from the host. The NMI interrupt routine 
executes monitor commands passed from the host. 


The 
NMI 
interrupt 
is 
sampled 
during 
PHI 
or 
CLKOUT low and is latched internally. If the pin is 
held high, multiple interrupts will not occur. 


Opcode OF7H, the TRAP instruction, causes an indi- 
rect vector through location 20l0H. 
The TRAP 
in- 
struction provides a single instruction interrupt useful 
in designing software debuggers or software interrupts. 
The TRAP instruction prevents the acknowledgement 
of interrupts until after execution of the next instruc- 
tion. 


Opcodes which are not implemented on the 80CI96KB 
will cause an indirect vector through location 2012H. 
User code or hardware which may have failed and run 
into an unimplemented opcode can software recover 
through this interrupt. The DJNZW instruction is not 
supported on the 80CI96KB but remains a valid op- 
code, therefore, no interrupt will occur. 


The programmer must initialize the interrupt vector ta- 
ble with the starting addresses of the appropriate inter- 
rupt service routines. It is suggested that any unused 
interrupts be vectored to an error handling routine. The 
error routine should contain recovery code that will not 
further corrupt an already erroneous situation. In a de- 
bug environment, it may be desirable to have the rou- 
tine lock into a jump to self loop which would be easily 
traceable with emulation tools. More sophisticated rou- 
tines may be appropriate for production code recover- 
ies. 


80C196KB 


28 Sources 
18 Vectors 


Figure 5·2. 80C196KB 
Interrupt 
Structure 
Block Diagram 


Five registers control the operation of the interrupt sys- 
tem: INT_PEND, 
INT_PENDI, 
INT_MASK 
and 
INT_MASKI 
and the PSW which contains a global 
disable bit. A block diagram of the system is shown in 
Figure 5-2. The transition detector looks for 0 to I tran- 
sitions on any of the sources. External sources have a 
maximum transition speed of one edge every state time. 
Sampling will be guaranteed if the level on the interrupt 
line is held for at least one state time. If the interrupt 
line is not held for at least one state time, the interrupt 
may not be detected. 


When the hardware detects one of the sixteen inter- 
rupts it sets the corresponding bit in one of two pending 
interrupt 
registers 
(INT_PEND-09H 
and 
INT_ 
PENDI-12H). 
When the interrupt vector is taken, the 


pending bit is cleared. These registers, the formats of 
which are shown in Figure 5-3, can be read or modified 
as byte registers. They can be read to determine which 
of the interrupts are pending at any given time or modi- 
fied to either clear pending interrupts or generate inter- 
rupts 
under 
software control. 
Any software which 


modifies the INT _PEND 
registers should ensure that 


the entire operation is inseparable. The easiest way to 
do this is to use the logical instructions in the two or 
three operand format, for example: 


ANDB 
INT_PEND,#llllllOlB 
; Clears the AID 
Interrupt 


ORB 
INT_PEND,#OOOOOOlOB 


; Sets the AID 
Interrupt 


Caution must be used when writing to the pending reg- 
ister to clear interrupts. 
If the interrupt 
has already 


been acknowledged when the bit is cleared, a 5 state 
time "partial" 
interrupt cycle will occur. This is be- 


cause the 80CI96KB will have to fetch the next instruc- 
tion of the normal instruction flow, instead of proceed- 
ing with the interrupt processing as it was going to. The 
effect on the program will be essentially that of an extra 
two NOPs. This can be prevented by clearing the bits 
using a 2 operand immediate logical, as the 80CI96KB 
holds off acknowledging interrupts during these "read/ 
modify/write" 
instructions. 


POPF 
POP Flags pops the PSW/IMASK pair eft" 
the stack 


Interrupt 
Mask Register 


Individual interrupts can be enabled or disabled by set- 
ting or clearing bits in the interrupt 
mask registers 


(INT_MASK-08H 
and 
INT_MASKI-13H). 
The 


format of these registers is the same as that of the Inter- 
rupt Pending Register shown in Figure 5-3. 


The INT_MASK 
and INT_MASKI 
registers can be 


read or written as byte registers. A one in any bit posi- 
tion will enable the corresponding interrupt source and 
a zero will disable the source. The hardware will save 
any interrupts that oC9urby setting bits in the pending 
register, even if the interrupt mask bit is cleared. The 
INT _MASK 
register is the lower eight bits of the 


PSW so the PUSHF and POPF instructions save and 
restore the INT_MASK 
register as well as the global 


interrupt 
lockout and the arithmetic flags. Both the 


INT_MASK 
and 
INT_MASKI 
registers 
can be 


saved with the PUSHA and POPA Instructions. 


The processing of all interrupts except the NMI, TRAP 
and unimplemented opcode interrupts can be disabled 
by clearing the I bit in the PSW. Setting the I bit will 
enable interrupts that have mask register bits which are 
set. The I bit is controlled by the EI (Enable Interrupts) 
and DI (Disable Interrupts) instructions. Note that the 
I bit only controls the actual servicing of interrupts. 
Interrupts that occur during periods of lockout will be 
held in the pending register and serviced on a priori- 
tized basis when the lockout period ends. 


The priority encoder looks at all of the interrupts which 
are both pending and enabled, and selects the one with 
the highest priority. The priorities are shown in Figure 
5-4 (15 is highest, 0 is lowest). The interrupt generator 
then forces a call to the location in the indicated vector 
location. This location would be the starting location of 
the Interrupt Service Routine (ISR). 


12H 
IPEND1: 
11H 
IMASK1: 


7 
6 
5 
4 
3 
2 
1 
0 


NMI 
FIFO 
EXT 
T2 
T2 
HSI4 
RI 
TI 
FULL 
INT 
OVF 
CAP 


7 
6 
5 
4 
3 
2 
1 
0 


EXT 
SER 
SOFT 
HSI.O 
HSO 
HSI 
AID 
TIMER 
INT 
PORT 
TIMER 
PIN 
PIN 
DATA 
DONE 
OVF 
09H 
IPEND: 
08H 
IMASK: 


Figure 5-3. Interrupt 
Mask and Pending 
Registers 


Number 
Source 
Vector 
Priority 
Location 


INT15 
NMI 
203EH 
15 


INT14 
HSI FIFO Full 
203CH 
14 


INT13 
EXTINTPin 
203AH 
13 


INT12 
TIMER2Overflow 
2038H 
12 


INT11 
TIMER2Capture 
2036H 
11 


INT10 
4th Entry into HSI FIFO 
2034H 
10 


INT09 
RI 
2032H 
9 


INT08 
TI 
2030H 
8 


SPECIALUnimplemented Opcode 
2012H 
N/A 


SPECIALTrap 
2010H 
N/A 


INT07 
EXTINT 
200EH 
7 


INT06 
Serial Port 
200CH 
6 


INT05 
Software Timer 
200AH 
5 


INT04 
HSI.OPin 
2008H 
4 


INT03 
HighSpeed Outputs 
2006H 
3 


INT02 
HSI Data Available 
2004H 
2 


INT01 
AID Conversion Complete 
2002H 
1 


INTOO 
Timer Overflow 
2000H 
0 


This priority 
selection controls the order in which 


pending interrupts are passed to the software via inter- 
rupt calls. The software can then implement its own 
priority 
structure 
by controlling 
the mask registers 


(INT_MASK 
and INT_MASKl). 
To see how this is 
done, consider the case of a serial I/O service routine 
which must run at a priority level which is lower than 
the HSI data available interrupt but higher than any 
other source. The "preamble" 
and exit code for this 


interrupt service routine would look like this: 


serial_io_isr: 
PUSHF 


LDB 
EI 


Save the PSW 
(Includes INT_MASK) 
INT_MASK,#OOOOOlOOB 


; Enable interrupts again 


POPF 
RET 


NOte wat lOcation £w\...n In [ne Inu,rrup' 
V""WI 
"WI" 


would have to be loaded with the value of the label 
serial_io_isr 
and the interrupt 
be enabled for this 


routine to execute. 


There is an interesting chain of instruction side-effects 
which makes this (or any other) 80Cl96KB interrupt 
service routine execute properly: 
a) After the hardware decides to process an interrupt, it 


generates and executes a special interrupt-call 
in- 
struction, which pushes the current program counter 
onto the stack and then loads the program counter 
with the contents of the vector table entry corre- 
sponding to the interrupt. The hardware will not al- 
low another interrupt to be serviced immediately fol- 
lowing the interrupt-call. This guarantees that once 
the interrupt-call starts, the first instruction of the 
interrupt service routine will execute. 


b) The PUSHF instruction, which is now guaranteed to 


execute, saves the PSW in the stack and then clears 
the PSW. The PSW contains, in addition to the 
arithmetic flags, the INT~ASK 
register and the 


global disable flag (I). The hardware will not allow 
an interrupt following a PUSHF instruction and, by 
the time the LD instruction starts, all of the inter- 
rupt enable flags will be cleared. Now there is guar- 
anteed execution of the LD INT_MASK 
instruc- 


tion. 
c) The LD INT_MASK 
instruction enables those in- 


terrupts that the programmer 
chooses to allow to 


interrupt the serial I/O interrupt service routine. In 
this example only the HSI data available interrupt 
will be allowed to do this but any interrupt or combi- 
nation of interrupts could be enabled at this point, 
even the serial interrupt. 
It is the loading of the 


INT_MASK 
register which allows the software to 


establish its own priorities for interrupt servicing in- 
dependently from those that the hardware enforces. 


d) The EI instruction reenables the processing of inter- 


rupts. 
e) The actual interrupt service routine executes within 


the priority structure established by the software. 


f) At the end of the service routine the POPF instruc- 


tion restores the PSW to its state when the interrupt- 
call occurred. The hardware will not allow interrupts 
to be processed following a POPF instruction so the 
execution of the last instruction (RET) is guaranteed 
before further interrupts can occur. The reason that 
this RET instruction must be protected in this fash- 
ion is that it is quite likely that the POPF instruction 
will reenable an interrupt which is already pending. 
If this interrupt 
were serviced before the RET in- 


struction, then the return address to the code that 
was executing when the original interrupt occurred 
would be left on the stack. While this does not pres- 
ent a problem to the program flow, it could result in 
a stack overflow if interrupts are occurring at a high 
frequency. 
The POPF 
instruction 
also pops the 


INT_MASK 
register (part of the PSW), so any 


inter 


changes made to this register during a routine which 
ends with a POPF will be lost. 


Notice that the "preamble" and exit code for the inter- 
rupt service routine does not include any code for sav- 
ing or restoring registers. This is because it has been 
assumed that the interrupt service routine has been al- 
located its own private set of registers from the on- 
board register file. The availability of some 230 bytes of 
register storage makes this quite practical. 


Interrupt 
service routines must share some data with 


other routines. Whenever the programmer 
is coding 


those sections of code which access these shared pieces 
of data, great care must be taken to ensure that the 
integrity of the data is maintained. Consider clearing a 
bit in the interrupt pending register as part of a non-in- 
terrupt routine: 


LDB 
ANDB 
STB 


AL,INT_PEND 
AL,#bit_mask 
AL,INLPEND 


This code works if no other routines are operating con- 
currently, but will cause occasional but serious prob- 
lems if used in a concurrent environment. (All pro- 
grams which make use of interrupts must be considered 
to be part of a concurrent environment.) To demon- 
strate this problem, assume that the INT_PEND 
reg- 


ister contains 00001111B and bit 3 (HSO event inter- 
rupt pending) is to be reset. The code does work for this 
data pattern but what happens if an HSI interrupt oc- 
curs somewhere between the LDB and the STB instruc- 
tions? Before the LDB instruction INT_PEND 
con- 


tains OOOOIIIIBand after the LDB instruction so does 
AL. If the HSI interrupt service routine executes at this 
point then INT_PEND 
will change toססoo101 lB. 
The ANDB changes AL to 00000111B and the STB 
changes INT_PEND 
to OOOOOll1B.It should be 


OOOOOOIIB.This code sequence has managed to gener- 
ate a false HSI interrupt The same basic process can 
generate an amazing assortment of problems and head- 
aches. These problems can be avoided by assuring mu- 
tual exclusion which basically means that if more than 
one routine can change a variable, then the program- 
mer must ensure exclusive access to the variable during 
the entire operation on the variable. 


In many cases the instruction set of the 80Cl96KB al- 
lows the variable to be modified with a single instruc- 
tion. The code in the above example can be implement- 
ed with a single instruction. 


Instructions are indivisible so mutual exclusion is en- 
sured in this case. Changes to the INT_PEND 
register 


must be made as a single instruction, since bits can be 


changed in this register even if interrupts are disabled. 
Depending 
on system configurations, 
several other 


SFRs might also need to be changed in a single instruc- 
tion for the same reason. 


When variables must be modified without interruption, 
and a single instruction can not be used, the program- 
mer must create what is termed a critical region in 
which it is safe to modify the variable. One way to do 
this is to simply disable interrupts with a DI instruc- 


. tion, perform the modification, and then re-enable in- 


terrupts with an EI instruction. The problem with this 
approach is that it leaves the interrupts enabled even if 
they were not enabled at the start. A better solution is 
to enter the critical region with a PUSHF instruction 
which saves the PSW and also clears the interrupt en- 
able flags. The region can then be terminated with a 
POPF instruction which returns the interrupt enable to 
the state it was in before the code sequence. It should be 
noted that some system configurations might require 
more protection to form a critical region. An example 
is a system in which more than one processor has ac- 
cess to a common resource such as memory or external 
I/O devices. 


The 80Cl96KB can be interrupted from four different 
external sources; NMI, EXTINT, HSI.O and PO.7. All 
external 
interrupts 
are 
sampled 
during 
PHI 
or 


CLKOUT low and are latched internally. Holding lev- 
els on external interrupts for at least one state time will 
ensure recognition of the interrupts. 


The external interrupts 
on the 80Cl96KB, 
although 


sampled during PH I, are edge triggered interrupts as 
opposed to level triggered. Edge triggered interrupts 
will generate only one interrupt 
if the input is held 


high. On the other hand, level triggered interrupts will 
generate multiple interrupts when held high. 


Interrupts are not always acknowledged immediately. 
If the interrupt signal does not occur prior to 4 state- 
times before the end of an instruction, the interrupt 
may not be acknowledged until after the next instruc- 
tion has been executed. This is because an instruction is 
fetched and prepared for execution a few state times 
before it is actually executed. 


There are 6 instructions which always inhibit interrupts 
from being acknowledged until after the next instruc- 
tion has been executed. These instructions are: 


EI, DI 
- 
Enable and disable all interrupts by tog- 
gling the global disable bit (PSW.9). 


PUSHF - 
PUSH 
Flags pushes the PSWIINT_ 


MASK pair then clears it; leaving both 
INT_MASK 
and PSW.9 clear. 


intJ 


POPF 
- 
POP Flags pops the PSWlINT_MASK 
pair off the stack 
PUSHA - 
PUSH All does a PUSHF, then pushes 
the INT_MJ,\SKI/WSR 
pair and clears 
INT_MASK1 
POPA 
- 
POP All pops the INT_MASK1/WSR 
pair and then does a POPF 


Interrupts can also not occur immediately after execu- 
tion of: 
Unimplemented Opcodes 
TRAP 
- 
The software trap instruction 
SIGND - 
The signed prefix for multiply and divide 
instructions 


When an interrupt is acknowledged the interrupt pend- 
ing bit is cleared, and a call is forced to the location 
indicated by the specified interrupt vector. This call oc- 
curs after the completion of the instruction in process, 
except as noted above. The procedure of getting the 
vector and forcing the call requires 16 state times. If the 
stack is in external RAM an additional 2 state times are 
required. 


The maximum number of state times required from the 
time an interrupt is generated (not acknowledged) until 
the 80C196KB begins executing code at the desired lo- 
cation is the time of the longest instruction, NORML 
(Normalize - 
39 state times), plus the 4 state times 
prior to the end of the previous instruction, plus the 
response time (16(internal stack) or 18(external stack) 
state times). Therefore, the maximum response time is 
61 (39 + 4 + 18) state times. This does not include the 
10 state times required for PUSHF if it is used as the 
first instruction in the interrupt routine or additional 
latency caused by having the interrupt masked or dis- 
abled. Refer to Figure 5-5, Interrupt Response Time, to 
visualize an example of worst case scenario. 


Interrupt latency time can be reduced by careful selec- 
tion of instructions in areas of code where interrupts 
are expected. Using 'EI' followed immediately by a 
long instruction 
(e.g. MUL, NORML, 
etc.) will in- 


crease the maximum latency by 4 state times, as an 
inter~t 
cannot occur between EI and the instruction 
following EI. The DI, PUSHF, POPF, PUSHA, POPA 
and TRAP instructions will also cause the same situa- 
tion. Typically these instructions would only effect la- 
tency when one interrupt routine is already in process, 
as these instructions are seldom used at other times. 


Many of the interrupt vectors on the 8096 were shared 
with 
other 
interrupts. 
The 
interrupts 
which 
were 
shared on the 8096 are: Transmit Interrupt, 
Receive 
Interrupt, 
HSI 
FIFO 
Full, 
Timer2 
Overflow and 
EXTINT. 
On the 80C196KB, these interrupts 
have 
their own interrupt vectors. The source of the interrupt 
vectors are typically programmed through control reg- 
isters. These registers can be read in Window 15 to 
determine the source of any interrupt. Interrupt sources 
with two possible interrupt vectors, serial receive inter- 
rupt sharing serial port and receive interrupt vectors for 
example, should be configured for only one interrupt 
vector. 


Interrupts with separate vectors include: NMI, TRAP, 
Unimplemented Opcode, Timer2 Capture, 4th Entry 
into HSI FIFO, Software timer, HSI.O Pin, High Speed 
Outputs, and AID conversion Complete. The NMI, 
TRAP 
and Unimp1emented Opcode interrupts 
were 
covered in section 5.1. 


The external interrupt pin can vector through either 
EXTINT Pin interrupt vector (203AH) or External In- 
terrupt 
vector 
(200AH). 
To 
be 
8096 compatible, 
IOCI.1 controls the source for the external interrupt 
vector 
to 
be 
either 
EXTINT 
or 
PO.7. On 
the 
80Cl96KB, the EXTINT pin interrupt vector is inde- 
pendent of the external interrupt 
vector shared with 
PortO.7, therefore, PO.7 and EXTINT can be config- 
ured as separate interrupts. The EXTINT pin should 
not be programmed to vector through both interrupt 
vector locations. 


----39----··-16~.-2--......-1 
0--.. 


'PUSHf' 
~ 


EXTINT~ 


PENDING 
BIT .J SET 
I. 


inter 


The serial port generates one of three possible inter- 
rupts: Transmit interrupt TI(2030H), Receive Interrupt 
RI(2032H) and SERIAL(200CH). Refer to section 10 
for information on the serial port interrupts. The 8096 
shared the TI and RI interrupts on the SERIAL inter- 
rupt vector. On the 8OCl96KB, these interrupts share 
both the serial interrupt vector and have their own in- 
terrupt vectors. Ideally, the transmit and receive inter- 
rupts should be programmed as separate interrupt vec- 
tors while disabling the SERIAL interrupt. For 8096 
compatibility, the interrupts can still use the 'SERIAL 
interrupt vector. 


HSI FIFO FULL and HSI DATA 
AVAILABLE 


HSI FIFO FULL and HSI DATA AVAILABLE in- 
terrupts shared the HSI DATA AVAILABLE 
inter- 


rupt vector on the 8096. The source of the HSI DATA 
AVAILABLE interrupt is controlled by the setting of 
I/O 
Control Register 1,(IOC1.7). Setting IOC1.7 to 


zero will generate an interrupt when a time value is 
loaded into the holding register. Setting the bit to one 
generates an interrupt when the FIFO, independent of 
the holding register, has six entries in it. 


On the 80CI96KB, separate interrupt vectors are avail- 
able for the HSI FIFO FULL(203CH) and HSI DATA 
AVAILABLE(2004H) 
interrupts. 
The 
interrupts 
should be programmed for separate interrupt vector lo- 
cations. Refer to Section 8 for more information on the 
High Speed Inputs. 


The HSI FIFO can generate an interrupt when the HSI 
has four or more entries in the FIFO. The HSI FIFO_ 
4 interrupt vectors through location 2034H. Refer to 
Section 8 for more information on the High Speed In- 
puts. 


The rising edge on HSI.O pin can be used as an external 
interrupt. 
The HSI.O pin is sampled during PHI 
or 


CLKOUT low. The setup time for sampling is 30 nSEC 
before the falling edge of CLKOUT. Sampling is guar- 
anteed if the pin is held for at least one state time. The 
interrupt 
vectors through 
location 2008H. The pin 


must first be enabled by setting 10CO.0 before an inter- 
rupt can occur. 


Timer2 and Timed 
can interrupt on overflow. These 


interrupts 
shared the same interrupt 
vector TIMER 


OVERFLOW(2000H) 
on the 8096. The source of the 


interrupt vector is controlled by I/O Control Register I 
bit 3. If the bit is set, Timer2 overflow will be the 
source, otherwise, it will be Timed. On the 80CI96KB 
Timer2 overflow(OH or 8000h) has a separate interrupt 
vector through location 2038H. 


The 80C196KB can generate an interrupt in response 
to a Timer2 capture triggered by a rising edge on P2.7. 
Timer2 Capture vectors through location 2036H. 


High Speed 
Outputs 


The High Speed Outputs interrupt can be generated in 
response to a programmed HSO command which caus- 
es an external event. HSO commands which set or clear 
the High Speed Output pins are considered external 
events. Status Register 
IOS2 indicates which HSO 


events have occured and can be used to arbitrate which 
HSO command caused the interrupt. The High Speed 
Output 
interrupt 
vectors indirectly through 
location 


2006H. For more information on High Speed Outputs, 
refer to Section 9. 


HSO commands which create internal events can inter- 
rupt through the Software Timer interrupt vector. In- 
ternal events include triggering an AID conversion, re- 
setting Timer2 and software timers. Status registers 
IOS2 and 10SI can be used to determine which internal 
HSO event has occured. Location 200AH is the inter- 
rupt vector for the Software Timer interrupt. Refer to 
Section 9 for more information on software timers and 
the HSO. 


The AID Conversion Complete interrupt can generate 
an interrupt in response to a completed AID conver- 
sion. The interrupt vectors indirectly through location 
2002H. Refer to section II for more information on the 
AID Converter. 


6.0 Pulse Width Modulation Output 
(D/A) 


Digital to analog conversion can be done with the Pulse 
Width Modulation output; a block diagram of the cir- 
cuit is shown in Figure 6-1. The 8-bit counter is incre- 
mented every state time. When it equals 0, the PWM 
output is set to a one. When the counter matches the 
value in the PWM register, the output is switched low. 
When the counter overflows, the output is once again 
switched high. A typical output waveform is shown in 


inter 


Figure 6-2. Note that when the PWM register equals 
00, the output is always low. Additionally, the PWM 
register will only be reloaded from the temporary latch 
when the counter overflows. This means the compare 
circuit will not recognize a new value until the counter 
has expired preventing missed PWM edges. 


The 8OC196KB PWM unit has a prescaler bit (divide 
by 2) which is enabled by setting IOC2.2 = 1. The 
PWM frequencies are shown in Figure 6-3. The output 
waveform is a variable duty cycle pulse which repeats 
every 256 or 512 state times (42.75 /Ls or 85.5 /Ls at 
12 MHz). Changes in the duty cycle are made by writ- 
ing to the PWM register at location 17H. The value 
programmed 
into the PWM register can be read in 
Window 15 (WSR = 15). There are several types of mo- 
tors which require a PWM waveform for more efficient 
operation. Additionally, if this waveform is integrated 
it will produce a DC level which can be changed in 256 
steps by varying the duty cycle. as described in the next 
section. 


XTAL1 
= 
8MHz 
10 MHz 
12 MHz 


IOC2.2 = 0 
15.6 KHz 
19.6 KHz 
23.6 KHz 
IOC2.2 = 1 
7.8 KHz 
9.8 KHz 
11.8 KHz 


The PWM output shares a pin with Port 2, pin 5 so 
that these two features cannot be used at the same time. 
IOCI.O equal to 1 selects the PWM function instead of 
the standard port function. 


DUTY 
PWM CONTROL 


CYCLE 
REGISTER 
VALUE 


0% 
00 
HI 
LO 


10% 
25 
~~Jl 


50% 
128 
HI 


LO 


10% 
230 
HI -.J 
LO 


IIU% 
255 
HI 


LO 


Analog outputs can be generated by two methods, ei- 
ther by using the PWM output or the HSO. See Section 
9.7 for information on generating a PWM with the 
High Speed Output Unit. Either device will generate a 
rectangular pulse train that varies in duty cycle and 
period. If a smooth analog signal is desired as an out- 
put, the rectangular waveform must be filtered. 


. In most cases this filtering is best done after the signal 
is buffered to make it swing from 0 to 5 volts since both 
of the outputs are guaranteed only to low current lev- 
els. A block diagram of the type of circuit needed is 
shown in Figure 6-4. By proper selection of compo- 
nents, accounting for temperature 
and power supply 


drift, a highly accurate 8-bit D to A converter can be 
made using either the HSO or the PWM output. Figure 
6-5 shows two typical circuits. If the HSO is used the 
accuracy could be theoretically extended to 16-bits, 
however the temperature 
and noise related problems 


would be extremely hard to handle. 


When driving some circuits it may be desirable to use 
unfiltered Pulse Width Modulation. This is particularly 
true for motor drive circuits. The PWM output can 
generate these waveforms if a fixed period on the order 
of 64 fJosis acceptable. If this is not the case then the 
HSO unit can be used. The HSO can generate a vari- 
able waveform with a duty cycle variable in up to 65536 
steps and a period of up to 87.5 milliseconds. Both of 
these outputs produce CHMOS levels. 


80C196KB 
BUFFER 
FILTER 
TOUKE 
H80 
OUTPUT 
(PASSIVE 
POWER 


OR 
SWING 
OR 
AIIP 
- 
PWM 
RAIL 
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TO 
(OPTIONAL) 
(OPTIONAL) 


RAIL 


8OC196KB 


H80 


OR 
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H1QH 
.PEDANCE 
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Timerl 
is a 16-bit free-running timer which is incre- 
mented every eight state times. An interrupt can be 
generated in response to an overflow. It is read through 
location OAH in Window 0 and written in Window 15. 
Care must be taken when writing to it if the High Speed 
I/O (HSIO) Subsystem is being used. HSO time entries 
in the CAM depend on exact matches with Timerl. 
Writes to Timerl should be taken into account in soft- 
ware to ensure events in the HSO CAM are not missed 
or occur in an order which may be unexpected. Chang- 
ing Timer! with incoming events on the High Speed 
Input lines may corrupt 
relative references between 
captured 
inputs. 
Further 
information 
on the High 
Speed Outputs and High Speed Inputs can be found in 
Sections 8 and 9 respectively. 


Timer2 on the 80CI96KB can be used as an external 
reference for the HSO unit, an up/down 
counter, an 
external event capture or as an extra counter. Timer2 is 
clocked externally using either the T2CLK pin or the 
HSI.1 pin depending on the state ofIOCO.7. The maxi- 
mum transition speed is once per state time in the Fast 
Increment mode, and once every 8 states otherwise. 
Timer2 can be read and written through location OCH 
in Window O. Timer2 can be reset by hardware, soft- 
ware or the HSO unit. Either T2RST or HSI.O can 
reset Timer2 externally depending on the setting of 
IOCO.5. Figure 7-1 shows the configuration and input 
pins of Timer2. Figure 7-2 shows the reset and clocking 
options for Timer2. The appropriate control registers 
can be read in Window 
15 to determine 
the pro- 
grammed 
modes. However, 
IOCO.I(TIRST) 
is not 
latched and will read a I. 


Caution should be used when writing to the timers if 
they are used as a reference to the High Speed Output 
Unit. Programmed HSO commands could be missed if 
the timers do not count continuously in one direction. 
High Speed Output events based on Timer2 must be 
carefully 
programmed 
when 
using 
Timer2 
as 
an 
up/down 
counter or is reset externally. Programmed 
events could be missed or occur in the wrong order. 
Refer to section 9 for more information on using the 
timers with the High Speed Output Unit. 


The 
value 
in 
Timer2 
can 
be 
captured 
into 
the 
T2CAPture register by a rising edge on P2.7. The edge 
must be held for at least one state time as discussed in 
the next section. T2CAP is located at OCH in Window 
15. The 
interrupt 
generated 
by a capture 
vectors 
through location 2036H. 


Timer2 can be programmed to run in fast increment 
mode to count transitions 
every state time. Setting 
IOC2.0 programs Timer2 in the Fast Increment mode. 
In this mode, the events programmed on the HSO unit 
with Timer2 as a reference will not execute properly 
since the HSO requires eight state times to compare 
every location in the HSO CAM. With Timer2 as a 
reference for the HSO unit, Timer2 transitioning every 
state time may cause programmed HSO events to be 
missed. For this reason, Timer2 should not be used as a 
reference for the HSO if transitions occur faster than 
once every eight state times. 


Timer2 can be made to count up or down based on the 
Port 2.6 pin ifIOC2.1 = I. However, caution must be 
used when this feature is working in conjunction with 
the HSO. If Timer2 does not complete a full cycle it is 
possible to have events in the CAM which never match 
the timer. These events would stay in the CAM until 
the CAM is cleared or the chip is reset. 


The T2UP/DN, 
T2CLK, T2RST, and T2CAP pins are 
sampled during 
PHI. 
PHI 
roughly corresponds 
to 
CLKOUT low externally. For valid sampling, the in- 
puts should be present 30 nsec prior to the rising edge 
of CLKOUT or it may not be sampled until the next 
CLKOUT. To synchronize the inputs, the rising edge 
of CLKOUT 
should latch the inputs and hold them 
until the next rising edge of CLKOUT. T2UP /DN and 
T2CLK needs to be synchronized unless they never 
transition within one state time of each other. Other- 
wise, Timer2 may' count in the wrong direction. 


In fast increment mode, T2CLK must not transition 
within one state time before or after an incoming exter- 
nal T2RST edge. Failure to externally synchronize the 
two events could cause Timer2 to load a random value 
other than zero. 


inter 


Bit = 1 
Bit = 0 


IOCO.1 
Reset Timer2 each write 
No action 


IOCO.3 
Enable external 
reset 
Disable 


IOCO.5 
HSI.O is ext. reset source 
T2RST is reset source 


IOCO.7 
HSI.1 is T2 clock source 
T2CLK is clock source 


IOC1.3 
Enable Timer2 overflow 
into 
Disable overflow 
interrupt 


IOC2.0 
Enable fast increment 
Disable fast increment 


IOC2.1 
Enable down count feature 
Disable downcount 


P2.6 
Count down if IOC2.1 = 1 
Count up 


IOC2.5 
Interrupt 
on 7FFFH/8000H 
Interrupt 
on OFFFFH/OOOOH 


P2.7 
Capture Timer2 into 
T2CAPture 
on rising edge 


HSO#14 


lOCO. 1 


T2 ClK -. 
.- 
HSI.1 
- - - - -IOCO.7 


ClK 


Both Timerl and Timer2 can trigger a timer overflow 
interrupt and set a flag in the I/O Status Register 1 
(IOSI). 
Timerl 
overflow 
is controlled 
by setting 
IOC1.2 and the interrupt status is indicated in IOS1.5. 
The TIMER OVERFLOW interrupt is enabled by set- 
ting INT_MASK.O. 


A Timer2 overflow condition interrupts through loca- 
tion 2000H by setting 10C1.3 
and setting INT_ 
MASK.O. Alternatively, Timer2 overflow can interrupt 
through location 2038H by setting INT_MASK1.3. 
The status of the Timer2 overflow interrupt is indicated 
in IOS1.4. 


Interrupts 
can be generated 
if Timer2 
crosses the 
OFFFFH/OOOOH boundary 
or 
the 
7FFFH/8000H 


boundary in either direction. By having two interrupt 
points it is possible to have interrupts enabled even if 
Timer2 is counting up and down centered around one 
of the interrupt points. The boundaries used to control 
the Timer2 interrupt is determined by the setting of 
IOC2.5. 
When 
set, Timer2 
will interrupt 
on 
the 
7FFFH/8000H 
boundary, 
otherwise, the OFFFFH/ 


OOOOHboundary interrupts. 


A T2CAPTUR.""Einterrupt is enabled by setting INT_ 
MASK1.3. The interrupt will vector through location 
2036H. 


Caution must be used when examining the flags, as any 
access (including Compare and Jump on Bit) of 10SI 
clears bits 0 through 5 including the software timer 
flags. It is, therefore, recommended to copy the byte to 
a temporary 
register before testing bits. Writing to 
10SI in Window 15will set the status bits but not cause 
interrupts. The general enabling and disabling of the 
timer interrupts are controlled by the Interrupt Mask 
Register bit O.In all cases, setting a bit enables a func- 
tion, while clearing a bit disables it. 


The High Speed Input Unit (HSI) can record the time 
an event occurs with respect to Timerl. 
There are 4 
lines (HSI.O through HSI.3) which can be used in this 
mode and up to a total of 8 events can be recorded. 
HSI.2 and HSI.3 are bidirectional pins which can also 
be used as HSO.4 and HSO.5. The I/O Control Regis- 
ters (lOCO and lOCI) determine the functions of these 
pins. The values programmed into lOCO and lOCI can 
be read in Window 15. A block diagram of the HSI unit 
is shown in Figure 8-1. 
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HITOLO 


~ 
LOTOHI 


-.J"""Hi 
ORi:'01- 
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EVERY EIGHTH 
POSITIVE 


TRANSITION 


FifO 
INTERRUPT 


&: 
111T611R I 
CONTROL 
LOGIC 


HSI.O STATUS 


HSl.l 
STATUS 


HSI.2 
STATUS 


HSI.3 
STATUS 


WHERE FOR EACH 2 - BIT STATUS 
FIELD THE LOWER 
BIT INDICATES WHETHER 
OR NOT AN EVENT HAS 
OCCURED ON THIS PIN AND THE UPPER 
BIT INDICATES 
THE CURRENT STATUS 
OF THE PIN. 


When an HSI event occurs, a 7 X 20 FIFO stores the 16 
bits of Timerl, and the 4 bits indicating which pins had 
events. It can take up to 8 state times for this informa- 
tion to reach the holding register. For this reason, 8 
state times must be allowed between consecutive reads 
of HSI_TIME. 
When the FIFO is full, one additional 
event, for a total of 8 events, can be stored by consider- 
ing the holding register part of the FIFO. If the FIFO 
and holding register are full, any additional events will 
not be recorded. 


HSl.l 
MODE 


HSI.2 
MODE 


HSI.3 
MODE 


WHERE 
EACH 
2 - 
BIT MODE CONTROL 
FIELD 
DEFINES 
ONE 
OF 4 POSSIBLE 
MODES: 


00 
8 POSITIVE 
TRANSITIONS 
01 
EACH 
POSITIVE 
TRANSITION 
10 
EACH 
NEGATIVE 
TRANSITION 
11 
EVERY TRANSITION 
(POSITIVE 
AND 
NEGATIVE) 
There are 4 possible modes of operation for each of the 
HSI pins. The HSI_MODE 
register at location 03H 
controls which pins will look for what type of events. In 
Window 15, reading the register will read back the pro- 
grammed HSI mode. The 8-bit register is set up as 
shown in Figure 8-3. 


inter 


High and low levels each need to be held for at least I 
state time to ensure proper operation. The HSI inputs 
are sampled during PHI or CLKOUT low and require 
30 nsec of setup to the rising edge of CLKOUT. Edges 
which missed the setup time will not be recognized un- 
til the next CLKOUT. The maximum input speed is I 
event every 8 state times except when the 8 transition 
mode is used, in which case it is I transition per state 
time. 


The HSI lines can be individually enabled and disabled 
using bits in lOCO, at location OOI5H.Figure 8-4 shows 
the bit locations which control the HSI pins. If the pin 
is disabled, transitions will not be entered in the FIFO. 
The status of the HSI pins can be read in the HSI_ 
STATUS register at location 06H, shown in Figure 8-2. 


T2RST --0 .--IOCO.5 
I~ 
A-----T2 
RESET 
;..-r . 
• - - IOCO.3 
.-- 
IOCO.O 


HSI.O 
~--------HSI 


• _. IOCO.2 
r<>"'-o..-------HSI 


HSI.1 ~--------TIMER2 


T2CLK --0 
:-. IOCO.7 
CLOCK 


• _. IOCO.4 


HSI.2 --0"'-o--------HSI 


• _. IOCO.6 


HSI.3 --0"'-o--------HSI 


270651-21 


Bits 6 and 7 of the I/O Status register I (IOSI) indicate 
the status of the HSI FIFO. The register 10SI is dis- . 
played in Figure 8-5. If bit 6 is a I, the FIFO contains 
at least six entries. If bit 7 is a I, the FIFO contains at 
least I entry and the HSI holding register has data 


available to be read. The FIFO may be read after veri- 
fying that it contains valid data. Caution must be used 
when reading or testing bits in 10SI, as this action 
clears bits 0-5, 
including the software and hardware 


timer overflow flags. It is best to store the byte and then 
test the stored value. Bits 6 and 7 are not functional in 
Window 15. 


SOFlWARE TIMER 0 EXPIRED 


SOFlWARE TIMER 1 EXPIRED 


SOFlWARE TIMER 2 EXPIRED 


SOFlWARE TIMER 3 EXPIRED 


TIMER 2 HAS OVERFLOW 


TIMER 1 HAS OVERFLOW 


HSI FIFO IS FULL 


HSI HOLDING REGISTERDATA AVAILABLE 


Reading the HSI is done in two steps. First, the HSI 
Status register is read to obtain the current state of the 
HSI pins and which pins had changed at the recorded 
time. The format of the HSI_ST ATUS Register is 
shown in Figure 8-2. Second, the HSI Time register is 
read. Reading the Time register unloads one level of the 
FIFO, so if the Time register is read before the Status 
register, the event information in the Status register will 
be lost. The HSI Status register is at location 06H and 
the HSI Time registers are in locations 04H and 05H. 


If the HSI_ TIME register is read without the holding 
register being loaded, the returned value will be indeter- 
minate. Under the same conditions, the four bits in 
HSI_ST ATUS indicating which events have occurred 
will also be indeterminate. 
The four HSI_ST ATUS 


bits which indicate the current state of the pins will 
always return the correct value. 


It should be noted that many of the Status register con- 
ditions are changed by a reset, see section 13. Writing 


intJ 


to HSI_ TIME in window IS will write to the HSI 
FIFO holding register. Writing to HSI_STATUS 
in 


Window IS will set the status bits but will not affect the 
HSI pins. 


Interrupts can be generated by the HSI unit in three 
ways: each time a value moves from the FIFO into the 
holding register; when the FIFO (independent of the 
holding register) has 4 or more event stored; when the 
FIFO has 6 or more events. 


The HSI DATA AVAILABLE and HSI FIFO FULL 
interrupts are shared on the 8096BH. The source for 
the HSI DATA AVAILABLE interrupt is controlled 
by IOCI.7. When IOCI.7 is cleared, the HSI will gen- 
erate an interrupt when the holding register is loaded. 
The interrupt indicates at least one HSI event has oc- 
curred and is ready to be processed. The interrupt vec- 
tors through location 2004H. The interrupt is enabled 
by setting INT_MASK.2. 
The generation of a HSI 
DATA AVAILABLE interrupt will set IOSI.6. The 
HSI FIFO FULL interrupt will vector through HSI 
DATA 
AVAILABLE 
if IOC1.7 is set. On 
the 


80C196KB, the HSI FIFO FULL has a separate inter- 
rupt vector at location 203CH. 


A HSI FIFO FULL interrupt occurs when the HSI 
FIFO has six or more entries loaded independent of the 
holding register. Sinceall interrupts are rising edge trig- 
gered, the processor will not be reinterrupted until the 
FIFO first contains 5 or less records, then contains six 
or more. The HSI FIFO FULL interrupt mask bit is 
INT_MASKI.6. 
The occurrence of a HSI FIFO 


FULL interrupt is indicated by setting IOS1.7. Earlier 
warning of a impending FIFO full condition can be 
achieved by the HSI FIFO 4th Entry interrupt. 


The HSI_FIFO_ 
4 interrupt generates an interrupt 


when four or more events are stored in the HSI FIFO 
independent of the holding register. The interrupt is 
enabled by 
setting 
INT_MASK1.2. 
The 
HSI_ 


FIFO_4 
vectors indirectly through location 2034H. 
There is no status flag associated with the HSI_ 
FIFO_ 4 interrupt since it has its own independent in- 
terrupt vector. 


The HSI.Opin can generate an interrupt on the rising 
edge even if its not enabled to the HSI FIFO. An inter- 
rupt generated by this pin vectors through location 
2008H. 


The HSI pins are sampled internally once each state 
time. Any value on these pins must remain stable for at 
least I full state time to guarantee that it is recognized. 
The actual sampling occurs during PHI 
or during 


CLKOUT low. The HSI inputs should be valid at least 
30 nsec before the rising of CLKOUT. Otherwise, the 
HSI input may be sampled in the next CLKOUT. 
Therefore, if information is to be synchronized to the 
HSI it should be latched on the rising edge of 
CLKOUT. 


The High Speed Output unit (HSO) trigger events at 
specific times with minimal CPU overhead. Events are 
generated by writing commands to the HSO_COM- 
MAND register and the relative time at which the 
events are to occur into the HSO_TIME 
register. In 


Window IS, these registers will read the last value pro- 
grammed in the holding register. The programmable 
events include: starting an AID conversion, resetting 
Timer2, setting 4 software flags, and switching 6 output 
lines (HSO.O through HSO.5). The format of the 
HSO_COMMAND 
register is shown in Figure 9-1. 


Commands OCHand ODH are reserved for use on fu- 
ture products. Up to eight events can be pending at one 
time and interrupts can be generated whenever any of 
these events are triggered. HSO.4 and HSO.5 are bidi- 
rectional pins which are multiplexed with HSI.2 and 
HSI.3 respectively. Bits 4 and 6 of I/O Control Regis- 
ter I (IOC1.4, IOCI.6) enable HSO.4 and HSO.5 as 
outputs. The Control Registers can be read in Window 
IS to determine the programmed modes for the HSO. 
However, the IOC2.7(CAM CLEAR) bit is not latched 
and will read as a one. Entries can be locked in the 
CAM to generate periodic events or waveforms. 


inter 


HSO_ 
COMMAND 


7 
6 
5 
4 
3 
T 
2 
I 
1 
I 
0 


CAM 
TMR2/ 
SET/ 
INT/ 
CHANNEL 
LOCK 
TMR1 
CLEAR 
INT 


CAM Lock 
- 
Locks event in CAM 
if this is enabled 
by IOC2.6 
(EN A_LOCK) 


TMRlTMRI 
- 
Events 
Based on Timer2/Based 
on Timerl 
if 0 


SET/CLEAR 
- 
Set HSO line/Clear 
HSO line if 0 


INTIINT 
- 
Cause interruptlNo 
interrupt 
if 0 


CHANNEL: 
o-S: 
HSO lines O-S 


(in Hex) 
6: 
HSO lines 0 and 
I 


7: 
HSO lines 2 and 3 


8-B: 
Software 
Timers 
0-4 


C-D: 
Unflagged 
Events 
(Do not use for future 
compatibility) 


E: 
Reset Timer2 


F: 
Start A to D Conversion 


9.1 
HSO Interrupts 
and Software 
Timers 


The HSO unit can generate 
two types of interrupts. 
The 
High Speed Output 
execution 
interrupt 
can be generat- 
ed (if enabled) 
for HSO commands 
which 
change 
one 


or more 
of the six output 
pins. The other 
HSO 
inter- 
rupt 
is the 
interrupt 
which 
can 
be generated 
by any 


other 
HSO 
command, 
(e.g. triggering 
the AID, reset- 
ting Timer2 
or generating 
a software 
time delay). 


HSO Interrupt 
Status 


Register 
IOS2 at location 
17H displays 
the HSO events 


which have occurred. 
IOS2 is shown in Figure 
9-2. The 


events 
displayed 
are 
HSO.O 
through 
HSO.S, 
Timer2 


Reset 
and start 
of an AID conversion. 
IOS2 is cleared 


when 
accessed, 
therefore, 
the register 
should 
be saved 


in an image register 
if more than one bit is being tested. 


The 
status 
register 
is 
useful 
in 
determining 
which 


events 
have caused 
an HSO generated 
interrupt. 
Writ- 


ing to this register 
in Window 
IS will set the status 
bits 


but 
not 
cause 
interrupts. 
In 
Window 
IS, writing 
to 


IOS2 can set the High 
Speed Output 
lines to an initial 


value. 
Refer 
to Section 
IS.2 for more 
information 
on 


Window 
IS. 


7 
6 
5 
4 
3 
2 
1 
0 


START 
T2 
HSO.5 
HSO.4 
HSO.3 
AID 
RESET 
HSO.2 
HSO.1 
KSO.o 


17H 
read 
Indicates 
which 
HSO event occcured 


START 
AID: HSO_CMD 
IS, start 
A/D 


T2RESET: 
HSO_CMD 
14, Timer2 
Reset 


HSO.O-S: 
Output 
pins HSO.O through 
HSO.S 


inter 


The HSO can be programmed to generate interrupts at 
preset times. Up to four such "Software Timers" can be 
in operation at a time. As each preprogrammed time is 
reached, the HSO unit sets a Software Timer Flag. If 
the interrupt bit in the HSO command register was set 
then a Software Timer Interrupt will also be generated. 
The interrupt 
service routine can then examine I/O 


Status register 1 (IOS1) to determine which software 
timer expired and caused the interrupt. When the HSO 
resets Timer2 or starts an AID conversion, it can also 
be programmed to generate a software timer interrupt. 


If more than one software timer interrupt occurs in the 
same time frame, multiple status bits will be set. Each 
read or test of any bit in IOS1 (see Figure 9-5) will clear 
bits 0 through 5. Be certain to save the byte before 
testing it unless you are only concerned with 1 bit. See 
also Section 11.5. 


23 


CAlA FILE 


A block diagram of the HSO unit is shown in Figure 9- 
3. The Content Addressable Memory (CAM) file is the 
center of control. One CAM register is compared with 
the timer values every state time, taking 8 state times to 
compare all CAM registers with the timers. This de- 
fines the time resolution of the HSO to be 8 state times 
(1.33 microseconds at an oscillator frequency of 12 
MHz). 


Each CAM register is 24 bits wide. Sixteen bits specify 
the time at which the action is to be carried out, one bit 
for the lock bit and 7 bits specify both the nature of the 
action and whether Timed 
or Timer2 is the reference. 


The format of the command to the HSO unit is shown 
in Figure 9-1. Note that bit 5 is ignored for command 
channels 8 through OFH. 


To enter a command into the CAM file, write the 8-bit 
"Command Tag" into location 0006H followed by the 
time the action is to be carried out into word address 
0004H. The typical code would be: 


LDB HSO_COMMAND,#what_to_do 
ADD HSO_TIME,Timerl,#when_to_do_it 


HIGH 
SPEED 
OUTPUT 
CONTROLS 
6 PINS 
4 SOFTWARE 
TIMERS 
2 INTERRUPTS 
INITIATE 
AID 
CONVERSION 
RESET 
TIMER2 


inter 


HSO.O CURRENT STATE 


HSO.l 
CURRENT STATE 


HSO.2 
CURRENT STATE 


HSO.3 
CURRENT STATE 


HSO.4 
CURRENT STATE 


HSO.S CURRENT STATE 


CAt.l QB HOLDING REGISTER IS FULL 


HSO HOLDING REGISTER IS FULL 


Writing the time value loads the HSO Holding Register 
with both the time and the last written command tag. 
The command does not actually enter the CAM file 
until an empty CAM register becomes available. 


Commands in the holding register will not execute even 
if their time tag is reached. Commands must be in the 
CAM to execute. Commands in the holding register 
can also be overwritten. Since it can take up to 8 state 
times for a command to move from the holding register 
to the CAM, 8 states must be allowed between succes- 
sive writes to the CAM. 


To provide proper synchronization, the minimum time 
that should be loaded to Timerl is Timer! + 2. Small- 
er values may cause the Timer match to occur 65,636 
counts later than expected. A similar restriction applies 
if Timer2 is used. 


Care must be taken when writing the command tag for 
the HSO. If an interrupt occurs during the time be- 
tween writing the command tag and loading the time 
value, and the interrupt service routine writes to the 
HSO time register, the command tag used in the inter- 
rupt routine will be written to the CAM at both the 
time specified by the interrupt 
routine and the time 
specified by the main program. The command tag from 
the main program will not be executed. One way of 
avoiding this problem would be to disable interrupts 
when writing commands and times to the HSO unit. 


Before writing to the HSO, it is desirable to ensure that 
the Holding Register is empty. If it is not, writing to the 
HSO will overwrite the value in the Holding Register. 
I/O Status Register 0 (IOSO) bits 6 and 7 indicate the 
status of the HSO unit. If IOSO.6 equals 0, the holding 
register is empty and at least one CAM register is emp- 
ty. If IOSO.7 equals 0, the holding register is empty. 
The programmer should carefully decide which of these 
two flags is the best to use for each application. This 


SOFlWARE 
TIt.lER 0 EXPIRED 


SOFlWARE 
TIt.lER 1 EXPIRED 


SOFlWARE 
Tlt.lER 2 EXPIRED 


SOFlWARE 
TIt.lER 3 EXPIRED 


TIt.lER 2 HAS OVERFLOW 


TIt.lER 1 HAS OVERFLOW 


HSI FIFO IS FULL 


HSI HOLDING REGISTER DATA AVAILABLE 


register also shows the current status of the HSO.O 
through HSO.5. The HSO pins can be set by writing to 
this register in Window 15. The format for I/O Status 
Register 0 is shown in Figure 9-4. 


The expiration of software timer 0 through 4, and the 
overflow of Timer! and Timer2 are indicated in 10S1. 
The status bits can be set in Window 15 but not cause 
interrupts. The register is shown in Figure 9-5. 


Whenever the processor reads this register all of the 
time-related flags (bits 5 through 0) are cleared. This 
applies not only to explicit reads such as: 


which jumps to somewhere_else 
if bit 3 ofIOSI 
is set. 


In most cases this situation can best be handled by hav- 
ing a byte in the register file which maintains an image 
of the register. Any time a hardware timer interrupt or 
a HSO software timer interrupt occurs the byte can be 
updated: 


leaving 10SI_image 
containing all the flags that were 
set before plus all the new flags that were read and 
cleared from 10S1. Any other routine which needs to 
sample the flags can safely check 10SI_image. 
Note 
that if these routines need to clear the flags that they 
have acted on, then the modification· of 10SI_image 
must be done from inside a critical region. 


9.4 Clearing the HSO and Locked 
Entries 


All 8 CAM locations of the HSO are compared before 
any action is taken. This allows a pending external 


inter 


event to be cancelled by simply writing the opposite 
event to the CAM. However, once an entry is placed in 
the CAM, it cannot be removed until either the speci- 
fied timer matches the written value, 
a chip reset oc- 


curs or IOC2.7 is cleared. If, as an example, a com- 
mand has been issued to set HSO.l when Timerl 
= 


1234, then entering a second command which clears 
HSO.l when Timer! = 1234will result in no operation 
on HSO.1. Both commands will remain in the CAM 
until Timer! = 1234 or IOC2.7 is cleared. IOC2.7 is 
the CAM clear bit which clears all entries in the CAM. 


Internal events cannot be cleared by writing an oppo- 
site event. This includes events on HSO channels 8 
through F. The only method for clearing these events 
are by a reset or setting IOC2.7. 


The CAM Lock bit (HSO_Command.7) 
can be set to 


keep commands in the CAM, otherwise the commands 
will clear from the CAM as soon as they cause an 
event. This feature allows for generation periodic events 
based on Timer2 
and must be enabled by setting 


IOC2.6. To clear locked events from the CAM, the en- 
tire CAM can be cleared by writing a one to the CAM 
clear bit IOC2.7. A chip reset will also clear the CAM. 


Locked entries are useful in applications requiring peri- 
odic or repetitive events to occur. Timer2 used as an 
HSO reference can generate periodic events with the 
use of the HSO T2RST command. HSO events pro- 
grammed with a HSO time less then the Timer2 reset 
time will occur repeatedly as Timer2 resets. Recurrent 
software tasks can be scheduled by locking software 
timers commands into the High Speed Output Unit. 
Interrupt service routines can be written to execute the 
tasks without having to program another HSO software 
timer command. Continuous sampling of the AID con- 
verter can be accompished by programming a locked 
HSO AID conversion command. The GO bit must still 
be set in the AID interrupt routine but the HSO com- 
mand does not have be reloaded. One of the most useful 
features is the generation of multiple PWM's on the 
High Speed Output lines. Locked entries provide the 
ability to program periodic events while minimizing the 
software overhead. Section 9.7 describes the generation 
of four PWMs using locked entries. 


Individual external events setting or clearing an HSO 
pin can by cancelled by writing the opposite event to 
the CAM. The HSO events do not occur until the timer 
reference has changed state. An event programmed to 
set and clear an HSO event at the same time will cancel 
each other out. Locked entries can correspondingly be 
cancelled using this method. However, the entries re- 
main in the HSO CAM and can quickly fill up the 
available eight locations. As an alternative, all entries in 
the HSO CAM can be cleared by setting IOC2.7. 


9.5 
HSO Precautions 


I 
Timer! is incremented once every 8 state-times. When 
it is being used as the reference timer for an HSO com- 
mand, the comparator 
has a chance to look at all 8 


CAM registers before Timer! changes its value. Writ- 
ing to Timerl, which is allowed in Window 15, should 
be carefully done. The user should ensure writing to 
Timer! will not cause programmed HSO events to be 
missed or occur in the wrong order. The same precau- 
tion applies to Timer2. 


Timer2 increments on both edges of the input signal at 
a maximum rate of one edge per state time in fast incre- 
ment mode or one edge every eight state times in slow 
increment mode. The Fast increment mode is selected 
by setting IOC2.1 high. The HSO requires at least eight 
state times to compare each entry in the CAM. There- 
fore, the fast increment mode for Timer2 cannot be 
used as a reference for the HSO if transitions occur 
faster then once every eight state times. 


Referencing events when Timer2 is being used as an 
up/down counter could cause events to occur in oppo- 
site order or be missed entirely. Additionally, locked 
entries could possibly occur several times if Timer2 is 
oscillating around the time tag for an entry. For these 
reasons, it is recommended that Timer2 count in only 
one direction when used as a reference for the HSO. 


When using Timer2 as the HSO reference, caution 
must be taken that Timer2 is not reset prior to the 
highest value for a Timer2 match in the CAM. This is 
because the HSO CAM will hold an event pending until 
a time match occurs. If that match is to a time value on 
Timer2 which is never reached, the event will remain 
pending in the CAM until the part is reset or CAM is 
cleared. 
' 


A potential problem occurs when resetting Timer2 with 
an external reset pin. This situation arises when the 
event is set to occur when Timer2 is equal to zero. If 
HSI.O or the T2RST pin clears Timer2, and Timer2 
equal to zero triggers the event, then the event may not 
occur. This is because HSI.O and T2RST clear Timer2 
asynchronously, and Timer2 may then be incremented 
to one before the HSO CAM entry can be compared 
and acted upon. This can be avoided by setting the 
event to occur when Timer2 is equal to one. This meth- 
od will ensure that there is enough time for the CAM 
entry to be recognized. 


The HSO unit can generate PWM waveforms with very 
little CPU overhead using Timer2 as a reference. A 
PWM is generated by programming an HSO line to a 
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high and a T2RST to occur at the same time. An HSO 
low time is programmed on the CAM to generate the 
duty cycle of the PWM. A repetitive PWM waveform is 
generated by locking the commands into the CAM. Re- 
programming of the duty cycle or PWM frequency can 
be accomplished by generating a software interrupt and 
reprogramming the HSO high, HSO low and T2RST 
commands. 


Multiple PWMs can be programmed using Timer2 as a 
reference and locked CAM entries. Up to four PWM's 
can 
be generated 
by locking 
a PWM(High) 
and 


PWM(low) into the CAM for each HSO.O through 
HSO.3. Timer2 is used as a reference and set to zero by 
programming a T2RST command at the same time an 
HSO command sets all the lines high. Two CAM en- 
tries program the four PWM (high) times by setting 
HSO.O/HSO.I and HSO.2/HSO.3 high with the same 


command. Four entries in the CAM set each of the 
HSO lines low. One entry is used to reset TimerZ. This 
method uses a total of seven CAM entries with little or 
no software overhead. The PWMs can change their 
duty cycle by reprogramming the CAM with different 
HSO levels. 


Changing the duty cycle for each PWM requires the 
flushing of the CAM and reprogramming of all seven 
entries in the CAM. The 8OCl96KB can flush the en- 
tire CAM by setting bit 7 in the IOC2 register (location 
16H). Each HSO(high) and HSO(low) times should be 
reprogrammed 
in addition to the Timer2 reset com- 


mand. This method provides for up to four PWM's 
with no software overhead except when reprogramming 
the duty cycle of any particular PWM. The code to 
generate these PWMs is shown in Figure 9-6. 


$include 
(reg196.inc) 


********************************************************** 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
********************************************************** 


Timer2 
is used 
as a reference 
and 
is clocked 
externally 
by 
T2CLK. 
The High 
Speed 
outputs 
are 
used 
as PWMs 
by programming 
each 
individual 
PWM(low) 
and 
PWM(High) 
time 
as a.locked 
entry. 
The period 
of the 
PWM 
is programmed 
by 
resetting 
timer2 
and 
setting 
all 
the 
HSO 
lines 
high 
at the 
same 
time. 
The PWMs 
are 
reprogrammed 
by 
clearing 
the 
HSO 
CAM 
and 
reloading 
new 
values 
for 
the 
PWM 
period 
and 
duty 
cycle. 


RSEG 
at 
60h 


pwmOtiml: 
dsw 
1 


pwmltiml: 
dsw 
1 


pwm2timl: 
dsw 
1 


pwm3timl: 
dsw 
1 


PWM_period: 
dsw 
1 


temp: 
dsw 
1 


cseg 
at 2080h 
Id 
sp,#OdOh 
Id PWM_period,#OfOOOh 
Id pwmOtiml,#2000h 
Id pwmltiml,#4000h 
Id pwm2timl,#6000h 
Id pwm3timl,#8000h 
Idb 
ioc2,#40h 
Idb 
iocO,#Oh 


initialize 
stack 
pointer 
intialize 
pwm 
period 
initialize 
pwm 
0-3 
duty 
cycle 


Enable 
locked 
entries 
Enable 
t2clk 
for 
timer2 
clock 
source 
program 
pwm's 
on CAM 
loop 
forever 
call 
pwm_program 


here: 
sjmp 
here 


pwm_program: 
Idb ioc2.#OcOh 
Idb hso_command.#Oceh 
Id hso_time.PWM_period 
nop 
nop 
nop 
nop 
Idb hso_command.#Oe6h 


Id hso_time.PWM_period 
nop 
nop 
nop 
nop 
Idb hso_command.#Oe7h 


Id hso_time.PWM_period 
nop 
nop 
nop 
nop 
Idb hso_command.#OcOh 


Id hso_time.pwmOtiml 
nop 
nop 
nop 
nop 
Idb hso_command.#Oclh 


Id hso_time.pwmltiml 
nop 
nop 
nop 
nop 
Idb hso_command.#Oc2h 


Id hso_time.pwm2timl 
nop 
nop 
nop 
nop 
Idb hso_command.#Oc3h 


Id hso_time.pwm3timld 
ret 
end 


flush entire cam 
program timer2 reset time 


delay eight state times before 
next load 


HSO 0/1 high. locked. timer2 as 
reference 
set hso_high on t2rst 


HSO 1/2 high. locked. timer2 
as reference 
set hso_high on t2rst 


set HSO.O low. locked. timer2 
as reference 
HSO.O time low 


set HSO.l low. locked. timer2 
reference 
HSO.l time low 


set HSO.2 low. 10cked.timer2 
as reference 
HSO.2 time low 


set HSO.3 low. 10cked.timer2 
as reference 
HSO.3 time low 
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Changes in the HSO lines are synchronized to either 
Timer I or Timer2. All of the external HSO lines due to 
change at a certain value of a timer will change just 
after the incrementing of the timer. Internally, the tim- 
er changes every eIght state times during PhaseI. From 
an external perspectIve the HSO pin should change just 
prior to the falling edge of CLKOUT and be stable by 
its rising edge. Information 
from the HSO can be 
latched on the CLKOUT rising edge. Internal events 
also occur when the reference timer Increments. 


The serial port on the 80CI96KB has one synchronous 
and 3 asynchronous modes. The asynchronous modes 
are full duplex, meamng they can transmit and receive 
at the same time. The receiver is double buffered so that 
the reception of a second byte can begin before the fust 
byte has been read. The transmitter on the 80CI96KB 
is also double buffered allowing continuous transmis- 
sions. The port is functionally compatible with the seri- 
al port on the MCS-51 family of microcontrollers, al- 
though the software controlling the ports is different. 


Data to and from the serial port is transferred through 
SBUF(RX) 
and 
SBUF(TX), 
both 
located 
at 07H. 
SBUF(TX) 
holds data 
ready for transmission 
and 
SBUF(RX) contains data received by the serial port. 
SBUF(TX) and SBUF(RX) can be read and can be 
written in Window IS. 


Mode 0, the synchronous shift register mode, is de- 
signed to expand I/O over a serial line. Mode I is the 
standard 8 bit data asynchronous mode used for normal 
serial communications. Modes 2 and 3 are 9 bit data 
asynchronous modes typically used for interprocessor 
communications. 
Mode 2 provides monitoring 
of a 
communication line for a I in the 9th bit position before 
causing an interrupt. Mode 3 causes interrupts indepen- 
dant of the 9th bit value. 


Control of the serial port is done through the Serial 
Port Control (SP_CON) 
register shown in Figure 10- 
1. Writing to location IIH accesses SP_CON 
while 
reading it accesses SP_STAT. 
Note that reads of SP_ 
STAT will return indeterminate data in the lower 2 bits 
and writing to the upper 3 bits of SP_CON 
has no 
effect on chip functionality and must be written as OS 
for future compatibility. On the 8OCl96KB the SP_ 
STAT register contains new bits to indicate receive 
Overrun Error (OE), Framing Error (FE), and Trans- 
mitter Empty (TXE). The bits which were also present 
on the 8096 are the Transmit Interrupt 
(TI) bit, the 
Receive Interrupt 
(RI) bit, and the Received Bit 8 
(RB8) or Receive Parity Error (RPE) bit. SP_STAT 
is 
read-only in Window 0 and is shown in Figure 10-1. 


The receiver on the 8OCl96KB checks for a valid stop 
bit. If a stop bit is not found within the appropriate 
time, the Framing Error (FE) bit is set. When the stop 
bit is detected, the data in the receive shift register is 


TB8 
- 
Sets the ninth data bit for transmission. Cleared after each transmission. Not valid 
if parity is enabled. 
REN 
- 
Enables the receiver 
PEN 
- 
Enables the Parity function (even parity) 
M2, MI - 
Sets the mode. ModeO = 00, Model = 01, Mode2 = 10, Mode3 
II 


SP_STAT 
7 
6 
5 
4 
3 
2 
1 
0 
AB8/ 
AI 
TI 
FE 
TXE 
OE 
APE 
X 
X 


RB8 
- 
Set if the 9th data bit is high on reception (parity disabled) 
RPE 
- 
Set if parity is enabled and a parity error occurred 
RI 
- 
Set after the last data bit is sampled 
TI 
- 
Set at the beginning of the STOP bit transmission 
FE 
- 
Set if no STOP bit is found at the end of a reception 
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loaded into SBUF(RX) and the RI bit is set. If this 
happens before the previous byte in SBUF(RX) is read, 
the Overflow Error 
(OE) bit is set. The data 
in 


SBUF(RX) will always be the latest byte received; it 
will never be a combination of the two bytes. The RI, 
OE, and FE bits are reset when SP_STAT 
is read. 


The Transmitter Empty (TXE) bit is set if the transmit 
buffer is empty and ready to take up to two characters. 
TXE gets cleared as soon as a byte is written to SBUF. 
Two bytes may be written consecutively to SBUF if 
TXE is set. One byte may be written if TI alone is set. 
By definition, if TXE has just been set, a transmission 
has completed and TI will be set. The TI bit is reset 
when the CPU reads the SP_STAT 
registers. 


The TB8 bit is cleared after each transmission and both 
TI and RI are cleared when SP_STAT 
read. The RI 


and TI status bits can be set by writing to SP_STAT 
in 


window 15 but they will not cause an interrupt. Read- 
ing of SP_CON 
in Window 15 will read the last value 


written. Whenever the TXD pin is used for the serial 
port it must be enabled by setting IOCl.5 to a I. I/O 
control register I can be read in window 15 to deter- 
mine the setting. 


In Mode 0, if REN = 1, writing to SBUF (TX) will 
start a transmission. Causing a rising edge on REN, or 
clearing RI with REN = I, will start a reception. Set- 
ting REN = 0 will stop a reception in progress and 
inhibit further receptions. To avoid a partial or com- 
plete undesired reception, REN must be set to zero be- 
fore RI is cleared. This can be handled in an interrupt 
environment by using software flags or in straight-line 
code by using the Interrupt Pending register to signal 
the completion of a reception. 


In the asynchrono1!s modes, writing to SBUF (TX) 
starts a transmission. A falling edge on RXD will begin 
a reception if REN is set to I. New data placed in 
SBUF (TX) is held and will not be transmitted until the 
end of the stop bit has been sent. 


In all modes, the RI flag is set after the last data bit is 
sampled approximately in the middle of the bit time. 
Also for all modes, the TI flag is set after the last data 
bit (either 8th or 9th) is sent, also in the middle of the 
bit time. The flags clear when SP_STAT 
is read, but 


do not have to be clear for the port to receive or trans- 
mit. The serial port interrupt bit is set as a logical OR 
of the RI and TI bits. Note that changing modes will 
reset the Serial Port and abort any transmission or re- 
ception in progress on the channel. 


Baud rates in all modes are determined by the contents 
of a 16-bit register at location OOOEH.Reading or writ- 
ing to this register in window 15 is reserved by Intel for 
future use. This register must be loaded sequentially 
with 2 bytes (least significant byte first). The serial port 
will not function between the loading of the first and 
second bytes. The MSB of this register selects one of 
two sources for the input frequency to the baud rate 
generator. lfit is a I, the frequency on the XTALl pin 
is selected, if not, the external frequency from the 
T2CLK pin is used. It should be noted that the maxi- 
mum input frequency is 3 MHz on T2CLK. This pro- 
vides the needed synchronization to the internal serial 
port clocks. 


The unsigned integer represented by the lower 15 bits 
of the baud rate register defines a number B, where B 
has a maximum value of 32767. The baud rate for the 
four serial modes using either XTALl 
or T2CLK as 


the clock source is given by: 


Mode0: Baud _ XT AL 1 frequency. 
B* 0 
Rate - 
4 • (B + 1)' 
) 


Others: Baud _ XT AL 1 frequency 
Rate - 
64' (B + 1) 


Mode 0: Baud 
T2CLK frequency 
B* 0 
Rate = 
B 
; 


Others: Baud 
T2CLK frequency 
Rate = 
16' B 
; 


Note that B cannot equal 0, except when using XTAL1 
in other than mode O. 


Common baud rate values, using XTALI at 12 MHz, 
are shown below. 


Baud 
Baud Register 
Value 


Rate 
Mode 0 
Others 


9600 
8137H 
8013H 
4800 
8270H 
8026H 
2400 
84E1H 
804DH 
1200 
89C3H 
809BH 
300 
A70FH 
8270H 


The maximum baud rates are 3.0 Mbaud synchronous 
and 
750 Kbaud 
asynchronous 
with 
12 MHz 
on 


XTALI. 


The serial port generates one of three possible inter- 
rupts: Transmit Interrupt 
TI(2030H), Receive Inter- 


rupt RI(2032H) and SERIAL(200cH). 
When the RI 


bit gets set an interrupt 
is generated through either 


200cH or 2032H depending on which interrupt is en- 
abled. INT_MASKI.1 
controls the serial port receive 


interrupt through location 2032H and INT_MASK.6 
controls serial port interrupts through location 2032H. 
The 8096 shared the TI and RI interrupts on the SERI- 
AL interrupt vector. On the 8OC196KB, these inter- 
rupts share both the serial interrupt vector and have 
their own interrupt vectors. 


When the TI bit is set it can cause an interrupt through 
the vectors at locations 200cH 
or 2032H. Interrupt 


through 
location 
2032H 
is determined 
by INT_ 


MASK 1.0. Interrupts 
through the serial interrupt 
is 


controlled by the same bit as the RI interrupt(INT_ 
MASK.6). The user should not mask off the serial port 
interrupt when using the double-buffered feature of the 
transmitter, 
as it could cause a missed count in the 


number of bytes being transmitted. 


Mode 0 is a synchronous mode which is commonly 
used for shift register based I/O 
expansion. In this 


mode the TXD pin outputs a set of 8 pulses while the 
RXD pin either transmits 
or receives data. Data is 


transferred 8 bits at a time with the LSB first. A dia- 
gram of the relative timing of these signals is shown in 
Figure 10-2. Note that this is the only mode which uses 
RXD as an output. 


Mode 0 Timings 


In Mode 0, the TXD pin sends out a clock train, while 
the RXD pin transmits or receives the data. Figure 10- 
2 shows the waveforms and timing. Note that the port 
starts functioning when a 'I' is written to the REN 
(Receiver Enable) bit in the serial port control register. 
If REN is already high, clearing the RI flag will start a 
reception. 


In this mode the serial port expands the I/O capability 
of the 8OC196KB by simply adding shift registers. A 
schematic of a typical circuit is shown in Figure 10-3. 
This circuit inverts the data coming in, so it must be 
reinverted in software. The enable and latch connec- 
tions to the shift registers can be driven by decoders, 
rather than directly from the low speed I/O ports, if the 
software and hardware are properly designed. 


Mode 1 is the standard asynchronous communications 
mode. The data frame used in this mode is shown in 
Figure 10-4. It consists of 10 bits; a start bit (0), 8 data 
bits (LSB first), and a stop bit (1). If parity is enabled 
by setting SPCON.2, an even parity bit is sent instead 
of the 8th data bit and parity is checked on reception. 


RXD(OUT) -< 
DO 
I 
01 
I 
02 
X 
03 
X 
D4 
I 
05 
I 
D6 
I 
07 
)-- 


DO 
01 


RXO(lN) 
~rj"" 
---0 
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D3 


MITll OF DATA 


PROGRAMMABLE 
eTH BIT 
---- 


l1·BIT 
FRAME 


The transmit and receive functions are controlled by 
separate shift clocks. The transmit shift clock starts 
when the baud rate generator is initialized, the receive 
shift clock is reset when a 'I to 0' transition (start bit) is 
received. The transmit clock may therefore not be in 
sync with the receive clock, although they will both be 
at the same frequency. 


The TI (Transmit Interrupt) 
and RI (Receive Inter- 
rupt) flags are set to indicate when operations are com- 
plete. TI is set when the last data bit of the message has 
been sent, not when the stop bit is sent. If an attempt to 
send another byte is made before the stop bit is sent the 


port will hold off transmission until the stop bit is com- 
plete. RI is set when 8 data bits are received, not when 
the stop bit is received. Note that when the serial port 
status register is read both TI and RI are cleared. 


Caution should be used when using the serial port to 
connect more than two devices in half·duplex, (Le. one 
wire for transmit and receive). If the receiving proces- 
sor does not wait for one bit time after RI is set before 
starting to transmit, the stop bit on the link could be 
corrupted. This could cause a problem for other devices 
listening on the link. 
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Mode 2 is the asynchronous 9th bit recognition mode. 
This mode is commonly used with Mode 3 for multi- 
processor communications. Figure 10-4 shows the data 
frame used in this mode. It consists of a start bit (0), 9 
data bits (LSB first), and a stop bit (1). When transmit- 
ting, the 9th bit can be set to a one by setting the TB8 
bit in the control register before writing to SBUF (TX). 
The TB8 bit is cleared on every transmission, so it must 
be set prior to writing to SBUF (TX). During recep- 
tion, the serial port interrupt and the Receive Interrupt 
(RI) bit will not be set unless the 9th bit being received 
is set. This provides an easy way to have selective recep- 
tion on a data link. Parity cannot be enabled in this 
mode. 


Mode 3 is the asynchronous 9th bit mode. The data 
frame for this mode is identical to that of Mode 2. The 
transmission differences between Mode 3 and Mode 2 
are that parity can be enabled (PEN = 1) and cause the 
9th data bit to take the even parity value. The TB8 bit 
can still be used if parity is not enabled (PEN =0). 
When in Mode 3, a reception always causes an inter- 
rupt, regardless of the state of the 9th bit. The 9th bit is 
stored if PEN =0 and can be read in bit RB8. If 
PEN = 1 then RB8 becomes the Receive Parity Error 
(RPE) flag. 


Modes 2 and 3 operate in a manner similar to that of 
Mode 1. The only difference is that the data is now 
made up of 9 bits, so II-bit packages are transmitted 
and received. This means that TI and RI will be set on 
the 9th data bit rather than the 8th. The 9th bit can be 
used for parity or multiple processor communications. 


Mode 2 and 3 are provided for multiprocessor commu- 
nications. In Mode 2 if the received 9th data bit is zero, 
the serial port interrupt is not activated. In Mode 3, the 
serial port interrupt is activated regardless of the value 
in the 9th bit. The way to use this feature in multipro- 
cessor systems is described below. 


The master processor is set to Mode 3 so it always gets 
interrupts from serial receptions. The slaves are set in 
Mode 2 so they only have receive interrupts if the 9th 


bit is set. Two types of frames are used: address frames 
which have the 9th bit set and data frames which have 
the 9th bit cleared. When the master processor wants to 
transmit a block of data to one of several slaves, it first 
sends out an address frame which identifies the target 
slave. Slaves in Mode 2 will not be interrupted by a data 
frame, but an address frame will interrupt all slaves. 
Each slave can examine the received byte and see if it is 
being addressed. The addressed slave switches to Mode 
3 to receive the coming data frames, while the slaves 
that were not addressed stay in Mode 2 continue exe- 
cuting. 


Analog Inputs to the 80CI96KB System are handled 
by the AID converter System. As shown in Figure 
11-4, the converter system has an 8 channel multiplex- 
er, a sample-and-hold, and a 10 bit successive approxi- 
mation AID converter. Conversions can be performed 
on one of eight channels, the inputs of which share pins 
with port O. A conversion can be done in as little as 91 
state times. 


Conversions are started by loading the AD_COM- 
MAND register at location 02H with the channel num- 
ber. The conversion can be started immediately by set- 
ting the GO bit to a one. If it is cleared the conversion 
will start when the HSO unit triggers it. The result of 
the conversion is read in the AD_RESULT(High) 
and 


AD_RESULT(Low) 
registers. 
The 
AD_RE- 


SULT(High) contains the most significant eight bits of 
the conversion. The AD_RESULT(Low) 
register con- 


tains the remaining two bits and the AID channel num- 
ber and AID status. The format for the AD_COM- 
MAND register is shown in Figure 11-1. In Window 
15, reading the AD_COMMAND 
register will read 


the last command written. Writing to the AD_RE- 
SULT register will write a value into the result register. 


02H 


mJ 


. 


CHANNEL 
# SELECTS 
WHICH 
OF THE 8 


1 
ANALOG 
INPUT 
CHANNELS 
IS TO BE 


CONVERTED 
TO DIGITAL 
FORM. 


: 
GO INDICATES 
WHEN 
THE CONVERSION 
IS TO 


BE INITIATED (GO = 1 MEANS 
START 
NOW, 


GO = 0 MEANS 
THE CONVERSION 
IS TO BE 


INITIATED 
BY THE HSO 
UNIT AT A SPECIFIED 
TIME). 
270651-33 
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The AID converter can cause an interrupt through the 
vector at location 2002H when it completes a conver- 
sion. It is also possible to use a polling method by 
checking the Status (S) bit in the lower byte of the 
AD_RESULT 
register, also at location 02H. The 


status bit will be a 1 while a conversion is in progress. It 
takes 8 state times to set this bit after a conversion is 


STATUS: 


a = AID 
CURRENTLY IDLE 
1 = CONVERSION 
IN PROCESS 
x 


X 


AID 
RESULT: 
LEAST SIGNIFICANT 
2 BITS 


started. The upper byte of the result register contains 
the most significant 8 bits of the conversion. The lower 
byte format 
IS shown in Figure 11-2. 


At high crystal frequencies, more time is needed to al- 
low the comparator to settle. For this reason IOC2.4 is 
provided to adjust the speed of the AID conversion by 
disabling/enabling a clock prescaler. 


A summary of the conversion time for the two options 
is shown below. The numbers represent the number of 
state times required for conversion, e.g., 91 states is 
22.7 IJ-swith an 8 MHz XTALl (providing a 250 ns 
state time.) 


Clock Prescaler 
On 
Clock Prescaler 
Off 


IOC2.4 = 0 
IOC2.4 = 1 


158 States 
91 States 


26.33 IJ-s@ 12 MHz 
22.75IJ-s 
@ 8 MHz. 


18.2IJ-s 
@ 10 MHz 
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The conversion process is initiated by the execution of 
HSO command OFH, or by writing a one to the GO Bit 
in the A/D Control Register. Either activity causes a 
start conversion signal to be sent to the A/D converter 
control logic. If an HSO command was used, the con- 
version process will begin when Timerl 
increments. 


This aids applications attempting to approach spectral- 
ly pure sampling, since successive samples spaced by 
equal Timer! delays will occur with a variance of about 
± 50 ns (assuming a stable clock on XTALI). Howev- 
er, conversions initiated by writing a one to the AD- 
CON register GO Bit will start within three state times 
after the instruction has completed execution resulting 
in a variance of about 0.50 p.s (XTALl 
= 12 MHz). 


Once the A/D unit receives a start conversion signal, 
there is a one state time delay before sampling (Sample 
Delay) while the successive approximation register is 
reset and the proper multiplexer channel is selected. 
After the sample delay, the multiplexer output is con- 
nected to the sample capacitor and remains connected 
for 8 state times in fast mode or 15 state times for slow 
mode (Sample Time). After this 8/15 state time "sam- 
ple window" closes, the input to the sample capacitor is 
disconnected from the multiplexer so that changes on 
the input pin will not alter the stored charge while the 
conversion is in progress. The comparator is then auto- 
zeroed and the conversion begins. The sample delay 
and sample time uncertainties are each approximately 
± 50 ns, independent of clock speed. 


To perform the actual analog-to-digital conversion the 
8OCl96KB implements a successive approximation al- 
gorithm. The converter hardware consists of a 256-re- 
sistor ladder, a comparator, coupling capacitors and a 
Io-bit successive approximation 
register (SAR) with 
logic that guides the process. The resistor ladder pro- 
vides 20 mV steps (VREF = 5.12V), while capacitive 
coupling creates 5 mV steps within the 20 mV ladder 
voltages. Therefore, 1024internal reference voltages are 
available for comparison against the analog input to 
generate a lo-bit conversion result. 


A successive approximation conversion is performed by 
comparing a sequence of reference voltages, to the ana- 
log input, in a binary search for the reference voltage 
that most closely matches the input. The '/2 full scale 
reference voltage is the first tested. This corresponds to 
a IO-bit result where the most significant bit is zero, 
and all other bits are ones (0111.1111.11b). If the ana- 
log input was less than the test voltage, bit 10 of the 
SAR is left a zero, and a new test voltage of '/. full scale 
(0011.1111.11b) is tried. If this test voltage was lower 
than the analog input, bit 9 of the SAR is set and bit 8 
is cleared for the next test (0101.Ill1.1Ib). 
This binary 


search continues until 10 tests have occurred, at which 
time the valid Io-bit conversion result resides in the 
,SAR where it can be read by software. 


The total number of state times required for a conver- 
sion is determined by the setting of IOC2.4 clock pre- 
scaler bit. With the bit set the conversion time is 91 
states for a 10-bit conversion and 158 states when the 
bit is cleared. 


The external interface circuitry to an analog input is 
highly dependent upon the application, and can impact 
converter characteristics. In the external circuit's de- 
sign, important factors such as input pin leakage, sam- 
ple capacitor size and multiplexer series resistance from 
the input pin to the sample capacitor must be consid- 
ered. 


For the 8OCl96KB, these factors are idealized in Fig- 
ure 11-5. The external input circuit must be able to 
charge a sample capacitor (Cs) through a series resist- 
ance (R}) to an accurate voltage given a D.C. leakage 
(Id. 
On the 80CI 96KB, Cs is around 2 pF, RI is 


around 5 KO and IL is specified as 3 p.A maximum. In 
determining the necessary source impedance RS' the 
value of VBIASis not important. 


External circuits with source impedances of I KO or 
less will be able to maintain an input voltage within a 
tolerance of about ±0.61 LSB (1.0 KO 
X 3.0 p.A= 


3.0 mV) given the D.C. leakage. Source impedances 
above 2 KO can result in an external error of at least 
one LSB due to the voltage drop caused by the 1 p.A 
leakage. In addition, source impedances above 25 KO 
may degrade converter accuracy as a result of the inter- 
nal sample capacitor not being fully charged during the 
1 p.s (12 MHz clock) sample window. 


It is important to note that source impedance require- 
ments relax if an external capacitor of sufficient size is 
attached directly to the analog input pin. Since the in- 
ternal sample capacitor is around 2.0 pF, an external 
0.005 p.F capacitor (2048 X 2.0 pF) should provide an 
accurate input voltage to ± 0.5 LSB. If there is leakage 
on the capacitor, the value of the capacitor must be 
increased to compensate for the leakage. For example, 
assuming just the 3 p.A D.C. leakage caused by the 


from a 0.005 J-LFcapacitor in I J-Ls.Therefore, the ca- 
pacitor connected externally to the pin should be at 
least 0.005 J-LFif the source impedance is too large to 
provide the needed accuracy on its own. 


Placing an external capacitor on each analog input will 
also reduce the sensitivity to noise, as the capacitor 
combines with series resistance in the external circuit to 
form a low-pass filter. In practice, one should include a 
small series resistance prior to the external capacitor on 
the analog input pin and choose the largest capacitor 
value practical, given the frequency of the signal being 
converted. This provides a low-pass filter on the input, 
while the resistor will also limit input current during 
over-voltage conditions. 


Figure 
11-6 shows a simple analog interface circuit 
based upon the discussion above. The circuit in the fig- 
ure also provides limited protection against over-volt- 
age conditions on the analog input. Should the input 
voltage 
inappropriately 
drop 
significantly 
below 
ground, diode D2 will forward bias at about 0.8 DCV. 
Since the specification of the pin has an absolute maxi- 
mum low voltage rating of -0.3 
DCV, this will leave 
about 0.5 DCV across the 2700 resistor, or about 2.0 
mA of current. This should limit current to a safe 
amount. However, 
before any circuit is used in an actual 
application, 
it should be thoroughly 
analyzed for applica- 
bility to the specific problem 
at hand. 


Reference supply levels strongly influence the absolute 
accuracy of the conversion. For this reason, it is recom- 
mended that the ANGND pin be tied to the two Vss 
pins at the power supply. Bypass capacitors should also 
be used between VREF and ANGND. ANGND should 
be within about a tenth of a volt of Vss. VREF should 
be well regulated and used only for the AID converter. 
The VREF supply can be between 4.5V and 5.5V and 
needs to be able to source around 5 mA. See Section 13 
for the minimum hardware connections. 


Note that if only ratiometric information is desired, 
VREF can be connected to Vcc. In addition, VREFand 


is not being used. Remember that Port 0 receives its 
power from the VREF and ANGND pins even when it 
is ].Isedas digital 110. 


The conversion result is a lO-bit ratiometric representa- 
tion of the input voltage, so the numerical value ob- 
tained from the conversion will be: 


This produces a stair-stepped transfer function when 
the output code is plotted versus input voltage (see Fig- 
ure 11-7). The resulting digital codes can be taken as 
simple ratiometric information, or they provide infor- 
mation 
about 
absolute 
voltages or relative voltage 


changes on the inputs. The more demanding the appli- 
cation is on the AID converter, the more important it 
is to fully understand 
the converter's operation. For 


simple applications, knowing the absolute error of the 
converter is sufficient. However, closing a servo-loop 
with analog inputs necessitates a detailed understand- 
ing of an AID converter's operation and errors. 


The errors inherent in an analog-to-digital conversion 
process are many: quantizing error, zero offset, full- 
scale error, differential non-linearity, and non-linearity. 
These are "transfer function" errors related to the AID 
converter. 
In addition, 
converter 
temperature 
drift, 


Vcc rejection, sample-hold feedthrough, 
multiplexer 


off-isolation, channel-to-channel matching and random 
noise should be considered. Fortunately, one "Absolute 
Error" 
specification is available which describes the 


sum total of all deviations between the actual conver- 
sion process and an ideal converter. However, the vari- 
ous sub-components of error are important 
in many 


applications. These error components are described in 
Section 11.5 and in the text below where ideal and actu- 
al converters are compared. 


An unavoidable error simply results from the conver- 
sion of a continuous voltage to an integer digital repre- 
sentation. This error is called quantizing error, and IS 
always ±0.5 LSB. QuantIZing error 
IS the only error 


seen in a perfect AID converter, and is obviously pres- 
ent in actual converters. Figure 11-7 shows the transfer 
function for an ideal 3-bit AID converter (i.e the Ideal 
Characteristic). 


Note that in Figure 11-7 the Ideal Characteristic pos- 
sesses unique qualities: it's first code tranSition occ Irs 
when the input voltage IS 05 LSB. us flllh"ale 
code 


transition occurs when the input voltage equals the full- 
scale reference minus 1.5 LSB; and it's code widths are 
all exactly one LSB. These qualities result in a digthza- 
tion without offset, full-scale or linearity errors In oth- 
er words, a perfect conversion. 
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Figure 11-8 shows an Actual Characteristic of a hypo- 
thetical 3-bit converter, which is not perfect. When the 
Ideal Characteristic is overlaid with the imperfect char- 
acteristic, the actual converter is seen to exhibit errors 
in the location of the first and final code transitions and 
code widths. The deviation of the first code transition 
from ideal is called "zero offset", and the deviation of 
the final code transition from ideal is "full-scale error". 
The deviation of the code widths from ideal causes two 
types of errors. Differential Non-Linearity and Non- 
Linearity. Differential Non-Linearity is a local linearity 
error measurement, whereas Non-Linearity is an over- 
all linearity error measure. 


Differential Non-Linearity is the degree to which actual 
code widths differ from the ideal one LSB width. It 
gives the user a measure of how much the input voltage 
may have changed in order to produce a one count 
change in the conversion result. Non-Linearity is the 
worst case deviation of code transitions from the corre- 
sponding code transitions of the Ideal Characteristic. 
Non-Linearity describes how much Differential Non- 
Linearities could add up to produce an overall maxi- 
mum departure from a linear characteristic. If the Dif- 
ferential Non-Linearity errors are too large, it is possi- 
ble for an AID converter to miss codes or exhibit non- 
monotonicity. Neither behavior is desirable in a c1osed- 
loop system. A converter has no missed codes if there 
exists for each output code a unique input voltage range 
that produces that code only. A converter is monotonic 
if every subsequent code change represents an input 
voltage change in the same direction. 


Differential 
Non-Linearity 
and 
Non-Linearity 
are 
quantified by measuring the Terminal Based Linearity 
Errors. A Terminal Based Characteristic results when 
an Actual Characteristic is shifted and rotated to elimi- 
nate zero offset and full-scale error (see Figure 11-9). 
The Terminal Based Characteristic is similar to the Ac- 
tual Characteristic that would be seen if zero offset and 
full-scale error were externally trimmed away. In prac- 
tice, this is done by using input circuits which include 
gain and offset trimming. In -addition, VREF on the 
80CI96KB could also be closely regulated and trimmed 
within the specified range to affect full-scale error. 


Other factors that affect a real AID Converter system 
include sensitivity to temperature, failure to completely 
reject all unwanted signals, multiplexer channel dissim- 
ilarities and random noise. Fortunately these effects are 
small. 


Temperature 
sensitivities are described by the rate at 
which typical specifications change with a change in 
temperature. 


Undesired signals come from three main sources. First, 
noise on Vcc- Vcc Rejection. Second, input signal 


changes on the channel being converted after the sam- 
ple window has c1osed-Feedthrough. 
Third, signals 
applied to channels not selected by the multiplexer- 
Off-Isolation. 


Finally, multiplexer on-channel resistances differ slight- 
ly from one channel to the next causing Channel-to- 
Channel Matching errors, and random noise in general 
results in Repeatability errors. 


Figures 11-7, 11-8, and 11-9 display many of these 
terms. Refer to AP-406 'MCS-96 Analog Acquisition 
Primer' for additional information on the AID terms. 


ABSOLUTE ERROR-The 
maximum difference be- 
tween corresponding actual and ideal code transitions. 
Absolute Error accounts for all deviations of an actual 
converter from an ideal converter. 


ACfUAL CHARACTERISTIC-The 
characteristic of 
an actual converter. The characteristic of a given con- 
verter may vary over temperature, supply voltage, and 
frequency conditions. An Actual Characteristic rarely 
has ideal first and last transition locations or ideal code 
widths. It may even vary over multiple conversion un- 
der the same conditions. 


BREAK-BEFORE-MAKE-The 
property of a multi- 
plexer which guarantees 
that 
a previously selected 
channel will be deselected before a new channel is se- 
lected. 
(e.g. 
the 
converter 
will 
not 
short 
inputs 
together.) 


CHANNEL-TO-CHANNEL 
MATCHING-The 
dif- 
ference between corresponding code transitions of actu- 
al characteristics taken from different channels under 
the same temperature, 
voltage and frequency condi- 
tions. 


CHARACTERISTIC-A 
graph of input voltage ver- 
sus the resultant output code for an AID converter. It 
describes the transfer function of the AID converter. 


CODE CENTER-The 
voltage corresponding to the 
midpoint between two adjacent code transitions. 


CODE TRANSITION-The 
point at which the con- 
verter changes from an output code of Q, to a code of 
Q + I. The input voltage corresponding to a code tran- 
sition is defined to be that voltage which is equally like- 
ly to produce either of two adjacent codes. 


CODE 
WIDTH-The 
voltage corresponding 
to the 
difference between two adjacent code transitions. 


inter 


D.C. INPUT 
LEAKAGE-Leakage 
current 
to ground 
from an analog 
input 
pin. 


DIFFERENTIAL 
NON-LINEARITY-The 
differ- 
ence between 
the ideal and 
actual 
code widths 
of the 
terminal 
based characteristic 
of a converter. 


FEEDTHROUGH-Attenuation 
of a voltage 
applied 
on the selected 
channel 
of the AID converter 
after the 
sample 
window 
closes. 


FULL 
SCALE 
ERROR-The 
difference 
between 
the 
expected 
and actual 
input 
voltage 
corresponding 
to the 
full scale code transition. 


IDEAL 
CHARACTERISTIC-A 
characteristic 
with 
its first code transition 
at VIN = 0.5 LSB, its last code 
transition 
at VIN = (VREF 
- 
1.5 LSB) and all code 
widths 
equal to one LSB. 


INPUT 
RESISTANCE- 
The effective series resistance 
from the analog 
input 
pin to the sample 
capacitor. 


ISB-LEAST 
SIGNIFICANT 
BIT: The voltage value 
corresponding 
to the full scale 
voltage 
divided 
by 20, 
where 
n is the number 
of bits of resolution 
of the con- 
verter. 
For a lO-bit converter 
with a reference 
voltage 
of 5.12 volts, 
one 
LSB 
is 5.0 mY. 
Note 
that 
this 
is 
different 
than digital 
LSBs, since an uncertainty 
of two 
LSBs, 
when 
referring 
to 
an AID 
converter, 
equals 
lO mY. (This has been confused 
with an uncertainty 
of 
two 
digital 
bits, 
which 
would 
mean 
four 
counts, 
or 
20 mV.) 


MONOTONIC-The 
property 
of successive 
approxi- 
mation 
converters 
which 
guarantees 
that increasing 
in- 


put voltages 
produce 
adjacent 
codes of increasing 
value, 
and 
that 
decreasing 
input 
voltages 
produce 
adjacent 
codes of decreasing 
value. 


NO 
MISSED 
CODES-For 
each 
and 
every 
output 
code, 
there 
exists 
a unique 
input 
voltage 
range 
which 
produces 
that code only. 


NON-LINEARITY-The 
maximum 
deviation 
of code 
transitions 
of the terminal 
based characteristic 
from the 
corresponding 
code transitions 
of the ideal characteris- 
tics. 


OFF· ISOLATION-Attenuation 
of a voltage 
applied 
on a deselected 
channel 
of the AID converter. 
(Also 
referred 
to as Crosstalk.) 


REPEATABILITY-The 
difference 
between 
corre- 
sponding 
code transitions 
from different 
actual 
charac- 
teristics 
taken 
from 
the 
same 
converter 
on the 
same 
channel 
at the same temperature, 
voltage and frequency 
conditions. 


RESOLUTION-The 
number 
of input 
voltage 
levels 
that 
the converter 
can 
unambiguously 
distinguish 
be- 
tween. 
Also defines 
the number 
of useful 
bits of infor- 
mation 
which 
the converter 
can return. 


SAMPLE 
DELAY-The 
delay from receiving 
the start 
conversion 
signal to when the sample 
window 
opens. 


SAMPLE 
DELAY 
UNCERTAINTY-The 
variation 
in the Sample 
Delay. 


SAMPLE 
TIME-The 
time that the sample 
window 
is 
open. 


SAMPLE 
TIME 
UNCERTAINTY-The 
variation 
in 
the sample 
time. 


SAMPLE 
WINDOW-Begins 
when the sample 
capac- 
itor is attached 
to a selected 
channel 
and ends when the 
sample 
capacitor 
is disconnected 
from 
the 
selected 
channel. 


SUCCESSIVE 
APPROXIMATION-An 
AID 
con- 
version 
method 
which 
uses a binary 
search 
to arrive 
at 
the best digital 
representation 
of an analog 
input. 


TEMPERATURE 
COEFFICIENTS-Change 
in the 
stated 
variable 
per 
degree 
centigrade 
temperature 
change. 
Temperature 
coefficients 
are added 
to the typi- 
cal values of a specification 
to see the effect of tempera- 
ture drift. 


TERMINAL 
BASED 
CHARACTERISTIC-An 
Ac- 
tual Characteristic 
which 
as been rotated 
and translat- 
ed to remove 
zero offset and full-scale 
error. 


Vcc REJECTION-Attenuation 
of noise on the Vcc 
line to the AID converter. 


ZERO 
OFFSET-The 
difference 
between 
the expected 
and actual 
input voltage corresponding 
to the first code 
transition. 


There 
are five 8-bit I/O 
ports on the 80C196KB. 
Some 
of these 
ports 
are 
input 
only, 
some 
are 
output 
only, 
some 
are bidirectional 
and 
some 
have 
alternate 
func- 
tions. 
In addition 
to these ports, 
the HSI/O 
unit 
pro- 
vides 
extra 
1/0 lines 
if the 
timer 
related 
features 
of 
these lines are not needed. 


Port 0 is an input 
port which 
is also used as the analog 
input 
for the AID converter. 
Port 
0 is read at location 
OEH. Port 
I is a quasi-bidirectional 
port and is read or 
written 
to through 
location 
OFH. Port 
2 contains 
three 
types 
of port 
lines: quasi-bidirectional, 
input 
and 
out- 
put. 
Port2 
is read 
or written 
from 
location 
lOH. The 
ports 
cannot 
be read 
or written 
in Window 
15. The 


inter 


input and output lines are shared with other functions 
in the 8OCl96KB as shown in Figure 12-1. Ports 3 and 
4 are open-drain bidirectional ports which share their 
pins with the address/data bus. On EPROM and ROM 
parts, Port 3 and 4 are read and written through loca- 
tion IFFEH. 


PIN FUNC. 
ALTERNATE 
CONTROL 
FUNCTION 
REG. 


2.0 Output TXO (Serial Port Transmit) 
IOC1.5 


2.1 
Input 
RXO (Serial Port Receive) 
SPCON.3 


2.3 
Input 
T2CLK (Timer2 Clock & Baud) IOCo.7 


2.4 
Input 
T2RST (Timer2 Reset) 
IOCo.5 


2.5 Output 
PWM Output 
IOC1.o 


2.6 QBO' 
Timer2 up/down select 
IOC2.1 


2.7 QBO' 
Timer2 Capture 
N/A 


'QBD = Quasi-bidirectional 
Figure 12·1. Port 2 Multiple 
Functions 


While discussing the characteristics 
of the I/O 
pins 


some approximate current or voltage specifications will 
be given. The exact specifications are available in the 
latest version of the data sheet that corresponds to the 
part being used. 


Input ports and pins can only be read. There are no 
output drivers on these pins. The input leakage of these 
pins is in the microamp range. The specific values can 
be found in the data sheet for the device being consid- 
ered. 


The high impedance input pins on the 8OCl96KB have 
an input leakage of a few microamps and are predomi- 
nantly capacitive loads on the order of 10 pF. 


In addition to acting as a digital input, each line of Port 
o can be selected to be the input of the AID converter 
as discussed in Section II. The pins on Port 0 are tested 
to have D.C. leakage of 3 microamps or less, as speci- 
fied in the data sheet for the device being considered. 
The capacitance on these pins is approximately I pF 
and will instantaneously increase by around 2 pF when 
the pin is being sampled by the A/D converter. 


The 80CI96KB samples the input to the AID 
for 8 


state times in with the AID clock prescaler ofTand 15 
states with the AID clock prescaler on. Details on the 
A/D converter can be found in Section II. 


Port 0 pins are special in that they may individually be 
used as digital inputs and analog inputs at the same 


time. A Port 0 pin being used as a digital input acts as 
the high impedance input ports just described. Howev- 
er, Port 0 pins being used as analog inputs are required 
to provide current to the internal sample capacitor 
when a conversion begins. This means that the input 
characteristics of a pin will change if a conversion is 
being done on that pin. In either case, if Port 0 is to be 
used as analog or digital I/O, it will be necessary to 
provide power to this port through the VREF pin and 
ANGND pins. 


Port 0 is only sampled when the SFR is read to reduce 
the noise in the AID converter. The data must be stable 
one state time before the SFR is read. 


Port I and Port 2 have quasi-bidirectional I/O pins. 
When used as inputs the data on these pins must be 
stable one state time prior to reading the SFR. This 
timing is also valid for the input-only pins of Port 2 and 
is similar to the HSI in that the sample occurs during 
PHI or during CLKOUT low. When used as outputs, 
the quasi-bidirectional pins will change state shortly af- 
ter CLKOUT falls. If the change was from '0' to a '1' 
the low impedance pullup will remain on for one state 
time after the change. 


Port I, Port 2.6 and Port 2.7 are quasi-bidirectional 
ports. When the processor writes to the pins of a quasi- 
bidirectional port it actually writes into a register which 
in turn drives the port pin. When the processor reads 
these ports, it senses the status of the pin directly. If a 
port pin is to be used as an input then the software 
should write a one to its associated SFR bit, this will 
cause the low-impedance pull-down device to turn ofT 
and leave the pin pulled up with a relatively high im- 
pedance pullup device which can be easily driven down 
by the device driving the input. 


If some pins of a port are to be used as inputs and some 
are to be used as outputs the programmer should be 
careful when writing to the port. 


Particular care should be exercised when using XOR 
opcodes or any opcode which is a read· modify-write 
instruction. It is possible for a Quasi-Bidirectional Pin 
to be written as a one, but read back as a zero if an 
external device (i.e., a transistor base) is pulling the pin 
below VIH. 


Quasi-bidirectional pins can be used as input and out- 
put pins without the need for a data direction register. 
They output a strong low value and a weak high value. 
The weak high value can be externally pulled low pro- 
viding an input function. Figure 12-2 shows the config- 
uration of a CHMOS quasi-bidirectional port. 


inter 


o 
FROM 
PORT 
LATCH 


270651-40 
CHMOSConfiguration.pFET 1 is turned on for 2 osc. periods after Q makes a 0-to-1transition.Duringthis time, pFET 1 
also turns on pFET3 throughthe inverterto forma latch whichholds the 1. pFET2 is also on. 


Outputting a 0 on a quasi-bidirectional pin turns on the 
strong pull-down and turns off all of the pull-ups. 
When a 1 is output the pull-down is turned off and 3 
pull-ups (strong-PI, weak-P3, very weak-P2) are turned 
on. Each time a pin switches from 0 to 1 transistor PI 
turns on for two oscillator periods. P2 remains on until 
a zero is written to the pin. P3 is used as a latch, so it is 
turned on whenever the pin is above the threshold value 
(around 2 volts). 


To reduce the amount of current which flows when the 
pin is externally pulled low, P3 is turned off when the 
pin voltage drops below the threshold. The current re- 
quired to pull the pin from a high to a low is at its 
maximum just prior to the pull-up turning off. An ex- 
ternal driver can switch these pins easily. The maxi- 
mum current required occurs at the threshold voltage 
and is approximately 700 microamps. 


When using the quasi-bidirectional ports as inputs tied 
to switches, series resistors may be needed if the ports 
will be written to internally after the part is initialized. 
The amount of current sourced to ground from each 
pin is typically 7 mA or more. Therefore, if all 8 pins 
are tied to ground, 56 mA will be sourced. This is 
equivalent to instantaneously doubling the power used 
by the chip and may cause noise in some applications. 


This potential problem can be solved in hardware or 
software. In software, never write a zero to a pin being 
used as an input. 


In hardware, a lK resistor in series with each pin will 
limit current to a reasonable value without impeding 


the ability to override the high impedance pullup. If all 
8 pins are tied together a 120.0.resistor would be rea- 
sonable. The problem is not quite as severe when the 
inputs are tied to electronic devices instead of switches, 
as most external pulldowns will not hold 20 mA to 0.0 
volts. 


Writing to a Quasi-Bidirectional Port with electronic 
devices attached to the pins requires special attention. 
Consider using P1.0 as an input and trying to toggle 
P 1.1 as an output: 


Set PLO 
for 
input 
Complement 
Pl.l 


The first instruction will work as expected but two 
problems can occur when the second instruction exe- 
cutes. The first is that even though PUis 
being driven 


high by the 8OC196KBit is possible that it is being held 
low externally. This typically happens when the port 
pin drives the base of an NPN transistor which in turn 
drives whatever there is in the outside world which 
needs to be toggled. The base of the transistor 
will 


clamp the port 
pin to the transistor's 
Vbe above 


ground, typically 0.7V. The 8OCl96KB will input this 
value as a zero even if a one has been written to the port 
pin. When this happens the XORB instruction will al- 
ways write a one to the port pin's SFR and the pin will 
not toggle. 


The second problem, which is related to the first, is that 
if P1.0 happens to be driven to a zero when Port I is 
read by the XORB instruction, then the XORB will 
write a zero to P1.0 and it will no longer be useable as 
an input. 


driver design. A series resistor between the port pin and 
the base of the transistor often works by bringing up 
the voltage present on the port pin. The second case can 
be taken care of in the software fairly easily: 


LDB 
AL, IOPORTl 
XORB AL, #OlOB 
ORB 
AL, #OOlB 
STB 
AL, IOPORTl 


A software solution to both cases is to keep a byte in 
RAM as an image of the data to be output to the port; 
any time the software wants to modify the data on the 
port it can then modify the image byte and copy it to 
the port. 


If a switch is used on a long line connected to a quasi- 
bidirectional pin, a pullup resistor is recommendlld to 
reduce the possibility of noise glitches and to decrease 
the rise time of the line. On extremely long lines that 
are handling slow signals, a capacitor may be helpful in 
addition to the resistor to reduce noise. 


Output pins include the bus control lines, the HSO 
lines, and some of Port 2. These pins can only be used 
as outputs as there are no input buffers connected to 
them. The output pins are output before the rising edge 
of PHI and is valid some time during PHI. Externally, 
PHI corresponds to CLKOUT low. It is not possible to 
use 
immediate 
logical 
instructions 
such 
as 
XOR 
PORT2, #OOIIIB to toggle these pins. 


The control outputs and HSO pins have output buffers 
with the same output characteristics as those of the bus 
pins. Included in the category of control outputs are: 
TXD, RXD (in Mode 0), PWM, CLKOUT, 
ALE, 
BHE, RD, and WR. The bus pins have 3 states: output 
high, output low, and high impedance input. As a high 
output, the pins are specified to source around 200 J.LA 
to VCC-0.3 
volts, but the pins can source on the order 
of ten times that value in order to provide fast rise 
times. When used as a low output, the pins can sink 
around 3.2 mA at 0.45 volts, and considerably more as 
the voltage increases. When in the high impedance 
state, the pin acts as a capacitive load with a few mi- 
croamps of leakage. Figure 12-3shows the internal con- 
figuration of a bus pin. 


These pins have two functions. They are either bidirec- 
tional ports with open-drain outputs or System Bus 
pins which the memory controller uses when it is ac- 
cessing off-chip memory. If the EA line is low, the pins 


QJwe:tYl) 
O\".l. ~ 
LUC ~Y~LCIU 
DU~. 
VLIlc:rWl~e 
Lney act as DUS 


pins only during a memory- access. If these pins are 
being used as ports and bus pins, ones must be written 
to them prior to bus operations. 


Accessing Port 3 and 4 as I/O is easily done from inter- 
nal registers. Since the LD and ST instructions require 
the use of internal registers, it may be necessary to first 
move the port information into an internal location be- 
fore utilizing the data. If the data is already internal, 
the LD is unnecessary. For instance, to write a word 
value to Port 3 and 4 ... 


register 
- 
data 
not needed if 
already 
internal 


register 
-+ 
Port 3 and 4 


To read Port 3 and 4 requires that "ones" be written to 
the port registers to first setup the input port configura- 
tion circuit. Note that the ports are reset to this input 
condition, but if zeroes have been written to the port, 
then ones must be re-written to any pins which are to 
be used as inputs. Reading Port 3 and 4 from a previ- 
ously written zero condition is as follows ... 


setup port 
change mode 
pattern 


register 
-+ 
Port 3 and 4 
LD 
3: ST not 
needed if 
previously 
written as ones 


register 
- 
Port 3 and 4 


Note that while the format of the LD and ST instruc- 
tions are similar, the source and destination directions 
change. 


When acting as the system bus the pins have strong 
drivers to both Vcc and VSS' These drivers are used 
whenever data is being output on the system bus and 
are not used when data is being output by Ports 3 and 
4. The pins, external input buffers and pulldowns are 
shared between the bus and the ports. The ports use 
different output buffers which are configured as open- 
drain, and require external pullup resistors. (open-drain 
is the MOS version of open-collector.) The port pins 
and their system bus functions are shown in Figure 
12-3. 


o 
Q 
P3/4 
LATCH 


Ports 3 and 4 on the 80C196KB are open drain ports. 
There is no pullup when these pins are used as I/O 
ports. These pins have different characteristics 
when 
used as bus pins as described in the next section. A 
diagram of the output buffers connected to Ports 3 and 
4 and the bus pins is shown in Figure 12-3. 


When Ports 3 and 4 are to be used as inputs, or as bus 
pins, they must first be written with a '1'. This will put 
the ports in a high impedance mode. When they are 
used as outputs, a pullup resistor must be used external- 
ly. The sink capability of these pins is on the order of 
3.2 milliamps so the total pullup current to the pin 
must be less than this. A 15K pullup resistor will 
source a maximum of 0.33 milliamps, so it would be a 
reasonable value to choose if no other circuits with 
pullups were connected to the pin. 


Ports 
3 and 4 are addressed as off-chip memory- 
mapped I/O. The port pins will change state shortly 
after the rising edge of CLKOUT. When these pins are 
used as Ports 3 and 4 they are open drains, their struc- 
ture is different when they are used as part of the bus. 


Port 3 and 4 can be reconstructed as I/O ports from the 
Address/Data 
bus. Refer to Section 16.7 for details. 


13.0 
MINIMUM 
HARDWARE 


CONSIDERATIONS 


The 80CI96KB requires several external connections to 
operate correctly. Power and ground must be connect- 
ed, a clock source must be generated, and a reset circuit 
must be present. We will look at each of these areas in 
detail. 


Power to the 80CI96KB flows through 5 pms. Vcc 
supplies the positive voltage to the digital portion of the 
chip while VREF supplies the AID convener and PortO 
with a positive voltage. These two pins need to be con- 
nected to a 5 volt power supply. When using the AID 
converter, it is desirable to connect VREF to a separate 
power supply, or at least a separate trace to minimize 
the noise in the AID converter. 


The three common return pins, Vss I, VSS2,and Angd, 
must all be nominally at 0 volts. Vssl and VsS2 should 
be connected with a short as lead as possible to mini- 
mize the voltage difference between them. Digital and 
Analog ground should be connected together at the 
power supply. Even if the A/D converter's 
not bemg 


used, VREFand Angd must stIli be connected for PortO 
to 
function. 
The 
maximum 
current 
drain 
of the 


80CI96KB is about 55 mA at 12 Mhz. 


inter 


Due to the fast rise and fall times of high speed CMOS 
logic, noise glitches on the power supply lines and out- 
puts at the chip are not uncommon. The 8OCl96KB is 
no exception to this rule. So it is extremely important to 
follow good design and board layout techniques to keep 
noise to a minimum. Liberal use of decoupling caps, 
Vcc and ground planes, and transient absorbers can all 
be of great help. It is much easier to design a board 
with these features then to search for random noise on 
a poorly designed PC board. For more information on 
noise, refer to Applications Note AP-125, 'Designing 
Microcontroller 
Systems for Noisy Environments' 
in 
the Embedded Control Application Handbook. 


The on-chip oscillator circuitry for the 8OC196KB, as 
shown in Figure 13.1, consists of a crystal-controlled, 
positive reactance oscillator. In this application, the 
crystal is operated in its fundamental response mode as 
an inductive reactance in parallel resonance with capac- 
itance external to the crystal. 


The feedback resistor, Rf, consists of paralleled n-chan- 
nel and p-channel FETs controlled by the PD (power- 
down) bit. Rf acts as an open when in Powerdown 
Mode. Both XTALl and XTAL2 also have ESD pro- 
tection on the pins which is not shown in the figure. 


The crystal specifications and capacitance values in 
Figure 13-2 are not critical. 20 pF is adequate for any 
frequency above I MHz with good quality crystals. Ce- 
ramic resonators can be used instead of a crystal in cost 
sensitive applications. For ceramic resonators, the man- 
ufacturer should be contacted for values of the capaci- 
tors. 


QUARTZ CRYSTAL 
OR CERAt.lIC 
RESONATOR 
D 


20~Pf 


Internal operation of the chip is based on the oscillator 
frequency divided by two, giving the basic time unit, 
known as a 'state time'. With a 12 Mhz crystal, a state 
time is 167 nS. Since the 8OCl96KB can operate at 
many frequencies, the times given throughout this over- 
view will be in state times. 


Two non-overlapping internal phases are created by the 
clock generator: phase I and phase 2 as shown in Fig- 
ure 13-3. CLKOUT is generated by the rising edge of 
phase I and phase 2. This is not the same as the 
8096BH, which uses a three phase clock. Changing 
from a three phase clock to a two phase one speeds up 
operation for a set oscillator frequency. Consult the lat- 
est data sheet for AC timing specifications. 


PHASE1~ 
, 


PHASE2~ 


I, 


CLKOUT~ 
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Reset starts the 8OCl96KB off in a known state. To 
reset the chip, the RESET pin must be held low for at 
least four state times after the power supply is within 
tolerance and the oscillator has stabilized. 


After the RESET pin is brought high, a ten state reset 
sequence occurs as shown in Figure 13-4. During this 
time the CCB (Chip Configuration Byte) is read from 
location 2018H and stored in the CCR (Chip Configu- 
ration Register). The EA (External Access) pin quali- 
fies whether the CCB is read from external or internal 


Pin 
Multiplexed 
Value of the 
Name 
Port Pins 
Pinon 
Reset 


RESET 
Mid-sized Pullup 


ALE 
WeakPuliup 


RD 
Weak Pullup 


8HE 
Weak Pullup 


WR 
WeakPuliup 


INST 
Weak Pullup 


EA 
Undefined Input • 


READY 
Undefined Input • 


NMI 
Undefined Input • 


8USWIDTH 
Undefined Input' 


CLKOUT 
Phase 2 of Clock 


System 8us 
P3.0-P4.7 
Weak Pullups 


ACHO-7 
PO.0-PO.7 
Undefined Input' 


PORT1 
P1.0-P1.7 
Weak Pullups 


TXD 
P2.0 
Weak Pullup 


RXD 
P2.1 
Undefined Input' 


EXTINT 
P2.2 
Undefined Input • 


T2CLK 
P2.3 
Undefined Input' 


T2RST 
P2.4 
Undefined Input • 


PWM 
P2.5 
Weak Pulldown 
- 
P2.6-P2.7 
Weak Pullups 


HSI0-HSI1 
Undefined Input' 


HSI2/HS04 
Undefined Input • 


HSI3/HS05 
Undefined Input' 


HSOO-HS03 
Weak Pulldown 


memory. Figure 13-5 gives the reset status of all the 
pins and Special Function Registers. 


There are three ways in which the 8OCl96KB can reset 
itself. The watchdog timer will reset the 8OCl96KB if it 
is not cleared in 65280 state times. The watchdog timer 
is enabled the first time it is cleared. To clear the 
watchdog, write a 'IE' followed immediately by an 'EI' 
to location OAH. Once enabled, the watchdog can only 
be disabled by a reset. 


Register 
Name 
Value 


AD 
RESULT 
7FFOH 


HSI 
STATUS 
xOxOxOx08 


S8UF(RX) 
OOH 


INT 
MASK 
--. 
000000008 


INT 
PENDING 
000000008 


TIMER1 
OOOOH 


TIMER2 
OOOOH 


IOPORT1 
111111118 


IOPORT2 
110000018 


SP 
STAT/SP 
CON 
000010118 


IMASK1 
000000008 


IPEND1 
000000008 


WSR 
XXXXOOO08 


HSI 
MODE 
111111118 


IOC2 
XOOOOOO08 


lOCO 
000000X08 


IOC1 
001000018 


PWM 
CONTROL 
OOH 


IOPORT3 
111111118 


IOPORT4 
111111118 


10SO 
000000008 


IOS1 
000000008 


IOS2 
000000008 


The Clock Detect Enable circuit is activated by strap- 
ping the CDE pin to VCCon the 8OC196KB.The CDE 
pin will become an extra Vss pin on future prolifera- 
tions. To make an 80Cl96KB compatible with future 
parts, the CDE pin should be tied to VSSor jumpered 
to Vcc and Vss. When activated, the Clock Detect En- 
able circuit will reset the chip if the clock input falls 
below a specified frequency. At 6 volts VCC, the fre- 
quency is about 250 Khz and at 4 volts is around 
28 Khz. 


Executing 
a 
RST 
instruction 
will also 
reset 
the 


8OC196KB. The opcode for the RST instruction 
is 


OFFH. By putting pullups on the Addr/data 
bus, unim- 


plemented areas of memory will read OFFH and cause 
the 80Cl96KB to be reset. 


The simplest way to reset an 8OC196KB is to insert a 
capacitor 
between 
the 
RESET 
pin and 
Vss. 
The 


8OC196KB has an internal pullup which has a value 
between 6K and 50K ohms. A 5 uF or greater capaci- 
tor should provide sufficient reset time as long as Vcc 
rises quickly. 


WATCHDOG 
TIIolER 
OVERfLOW 
CDE 
RESET 
INSTRUCTION 
(Off 
H) 


Figure 13-6 shows what the RESET pin looks like in- 
ternally. The RESET pin functions as an input and as 
an output to reset an entire system with a watchdog 
timer overflow, clock detect failure, or by executing a 
RST instruction. For a system reset application, the 
reset circuit should be a one-shot with an open collector 
output. The reset pulse may have to be lengthened and 
buffered since RESET is only asserted for four state 
times. If this is done, it is possible for the 80Cl96KB to 
start running before other chips in the system are out of 
reset. Software must take this condition into account. A 
capacitor cannot be connected directly to RESET if it is 
to drive the reset pins of other chips in the circuit. The 
capacitor may keep the. voltage on the pin from going 
below guaranteed 
VIL for circuits connected to the 


RESET pin. Figure 13-7 shows an example of a system 
reset circuit. 


Figure 13-8 shows the minimum connections needed to 
get the 8OC196KB up and running. It is important to 
tie all unused inputs to Vcc or Vss. If these pins are 
left floating, they can float to a mid voltage level and 
draw excessive current. Some pins such as NMI or 
EXTINT may generate spurious interrupts if left un- 
connected. 


r1•OJ.<F 


1/874Sl06 


OR 


'/27406 


NOTE: 
1. The diode will provide 
a faster 
cycle time repetitive 
power-on-resets. 
r 
~ 
- 
- 
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VSS2 
- 
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READY 
RESET 


5J.<F.I. 
BUS 
CONTROL 
- 
RXD 
ADO-AD15 


EXTINT 
T2ClK 
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PO.7 
T2RST 
HSI.O - HSI.3 
EA 
Ntoll 


CDE 


14.0 
SPECIAL 
MODES OF 
OPERATION 


The 8OC196KB has Idle and Powerdown Modes to re- 
duce the amount of current consumed by the chip. The 
80Cl96KB also has an ONCE (ON-Circuit-Emulation) 
Mode to isolate itself from the rest of the components 
in the system. 


The Idle Mode is entered by executing the instruction 
'IDLPD 
# 1'. In the Idle Mode, the CPU stop execut- 
ing. The CPU clocks are frozen at logic state zero, but 
the peripheral clocks continue to be active. CLKOUT 
continues to be active. Power consumption in the Idle 
Mode is reduced to about 40% of the active Mode. 


The CPU exits the Idle Mode by any enabled interrupt 
source or a hardware reset. Since all of the peripherals 
are running, the interrupt can be generated by the HSI, 
HSO, AID, serial port, etc. When an interrupt brings 
the CPU out of the Idle Mode, the CPU vectors to the 
corresponding interrupt service routine and begins exe- 
cuting. The CPU returns from the interrupt 
service 


routine to the next instruction following the 'IDLPD 
# I' instruction that put the CPU in the Idle Mode. 


!!!..!he Idle Mode, the system bus control pins (ALE, 
RD, WR, INST, and BHE), go to their inactive states. 
Ports 3 and 4 will retain the value present in their data 
latches if being used as I/O ports. If these ports are the 
ADDRIDATA 
bus, the pins will float. 


It is important to note the Watchdog Timer continues 
to run in the Idle Mode if it is enabled. So the chip 
must be awakened every 64K state times to clear the 
Watchdog or the cHip will reset. 


The Powerdown Mode is entered by executing the in- 
struction, 'IDLPD 
#2'. In the Powerdown Mode, all 


internal clocks are frozen at logic state zero and the 
oscillator is shut off. All 232 bytes of registers and most 
peripherals 
hold their values if Vcc is maintained. 


Power is reduced to the device leakage and is in the uA 
range. The 87Cl96KB 
(EPROM 
part) will consume 


more power if the EPROM window is not covered. 


In Powerdown, the bus control pins go to their inactive 
states. All of the output pins will assume the value in 
their data latches. Ports 3 and 4 will continue to act as 
ports in the single chip mode or will float if acting as 
the ADDRIDATA 
bus. 


To prevent accidental entry into the Powerdown Mode, 
this feature may be disabled at reset by clearing bit 0 of 
the CCR (Chip Configuration Register). Since the de- 
fault value of the CCR bit 0 is I, the Powerdown Mode 
is normally enabled. 


The Powerdown Mode can be exited by a chip reset or 
a transition on the external interrupt pin. If the RESET 
pin is used, it must be asserted long enough for the 
oscillator to stabilize. 


INTERNAL' 
POWERDOWN 
SIGNAL 
---- 
•••••- 
•••• ----- 


EXTINT •••• - 
•••••-..,..-..,..-...,.-....;------.,.'..(S 
~ 
•. 
.•.. 
_ 


,,, 


TIIolEOUT .'------------------lH-J 


inter 


When exiting Powerdown with an external interrupt, a 
positive level on the pin mapped 
to INTI 
(either 
EXTINT or portO.7) will bring the chip out of Power- 
down Mode. The interrupt 
does not have to be un- 
masked to exit Powerdown. An internal timing circuit 
ensures that the oscillator has time to stabilize before 
turning on the internal clocks. Figure 14-1 shows the 
power down and power up sequence using an external 
interrupt. 


During normal operation, before entering Powerdown 
Mode, the Vpp pin will rise to Vcc through an internal 
pullup. The user must connect a capacitor between Vpp 
and VSS' A positive level on the external interrupt pin 
starts to discharge this capacitor. The internal current 
source that discharges the capacitor can sink approxi- 
mately 100 uA. When the voltage goes below about I 
volt on the Vpp pin, the chip begins executing code. A 
IuF capacitor would take about 4 ms to discharge to I 
volt. 


If the external interrupt brings the chip out of Power- 
down, the corresponding bit will be set in the interrupt 
pending register. If the interrupt is unmasked, the part 
will immediately execute the interrupt service routine, 
and return to the instruction following the IDLPD in- 
struction that put the chip into Powerdown. If the in- 
terrupt is masked, the chip will start at the instruction 
following the IDLPD instruction. The bit in the pend- 
ing register will remain set, however. 


All peripherals should be in an inactive state before 
entering Powerdown. If the AID converter is in the 
middle of a conversion, it is aborted. If the chip comes 
out of Powerdown by an external interrupt, the serial 
port will continue where it left off. Make sure that the 
serial port is done transmitting or receiving before en- 
tering Powerdown. The SFRs associated with the AID 
and the serial port may also contain incorrect informa- 
tion when returning from Powerdown. 


When the chip is in Powerdown, it is impossible for the 
watchdog 
timer to time out because its clock has 


stopped. Systems which must use the Watchdog and 
Powerdown, should clear the Watchdog right before 
entering Powerdown. 
This will keep the Watchdog 
from timing out when the oscillator is stabilizing after 
leaving Powerdown. Also, the Clock Detect Enable cir- 
cuit should not be activated if the chip will enter the 
Powerdown Mode. For this reason the IOL and IOH in 
Reset Specifications must be carefully verified. 


Test Modes can be entered on the 8OCl96KB by hold 
ing ALE, INST or RD in their active state on the rising 
edge of RESET. The only Test Mode not reserved for 
use by Intel is the ONCE, or ON-Circuit-Emulation 
Mode. 


ONCE 
IS entered by driving ALE and INST high and 
RD low on the rising edge of RESET. All pins except 
XTAL I and XTAL2 are floated. Some of the pins are 
not truly high impedance as they have weak pullups or 
pulldowns. The ONCE Mode is useful in electrically 
removing the 8OCl96KB from the rest of the system. A 
typical application of the ONCE Mode would be to 
program discrete EPROMs onboard without removing 
the 80CI96KB from its socket. 


ALE, INST, and RD are weakly pulled high or low 
during reset. It is important that a circuit does not in- 
advertantIy drive these signals during reset, or a Test 
Mode could be entered by accident. 


15.0 
MEMORY 
CONTROLLER 
AND 
THE MEMORY 
MAP 


The addressable memory space on the 80CI96KB con- 
sists of 64K bytes. Locations that have special purposes 
are O-OFFHand IFFEH-2080H. All other locations are 
available as program or data storage or for memory 
mapped peripherals. Figure 15-1 shows the 8OCl96KB 
memory map. 


EXTERNAL MEMORY OR I/O 


INTERNAL ROM/EPROM 
OR 
EXTERNAL MEMORY 


RESERVED 


UPPER B INTERRUPT VECTORS 
(NEW ON BOC196KB) 


ROM/EPROM 
SECURITY KEY 


RESERVED 


CHIP CONFIGURATION 
BYTE 


RESERVED 


LOWER B INTERRUPT VECTORS 
PLUS 2 SPECIAL INTERRUPTS 


PORT 3 AND PORT 4 


EXTERNAL MEMORY OR 110 


INTERNAL DATA MEMORY· 
REGISTER FILE 
(STACK POINTER. RAM. AND SFRS) 


EXTERNAL PROGRAM CODE MEMORY 


OFFFFH 


4000H 


inter 


All of the program memory and external data memory 
are transferred to the CPU through the memory con- 
troller. The memory controller consists of a Slave Pro- 
gram Counter, an Instruction Queue, and a bus con- 
troller. 


The Slave Program Counter keeps track of the instruc- 
tions 
fetched 
from 
program 
memory. 
Instructions 
fetched by the slave program counter are stored in the 
queue. The Slave Program Counter may be up to four 
bytes ahead of the Program Counter because it is pre- 
fetching instructions. 


When debugging code using a logic analyzer, a designer 
must be aware of the queue. It is not possible to deter- 
mine when an instruction will execute simply by tracing 
the external bus. The queue is filled in advance of exe- 
cuting an instruction. 


The bus controller accesses program memory and ex- 
ternal data memory and arbitrates between instruction 
fetches and data reads and writes. The bus controller 
supports both 8-bit and 16-bit external bqs modes. Dif- 
ferent modes of the bus controller and external memory 
interface are discussed in detail in the Section 6. 


15.2 
Memory Map and Reserved 
Locations 


Locations OOH-OFFH contain the Register File and 
Special Function Registers (SFRs). No code can be exe- 
cuted from these locations. Code fetches from this area 
will be directed to external memory. OOH-OFFHexter- 
nal memory locations are reserved for use by Intel de- 
velopment tools and are not available to the user. 


The RALU (Register Arithmetic Logic Unit) can oper- 
ate directly on any of the 256 internal register locations. 
Locations 18H and 19H contain the stack pointer. The 
stack pointer can be used as standard RAM if stack 
operations are not being performed. The stack pointer 
must be initialized by software and can point anywhere 
in memory space. There are no restrictions on the re- 
maining 230 bytes of registers except that code can not 
be executed from them. For more information on the 
RALU and its functions, refer to Section 2. 


Locations OOHthrough 17H are the Special Function 
Registers, or SFRs. The SFRs control the onboard pe- 
ripherals of the 8OC196KB. For more detailed informa- 
tion on a particular SFR, refer to the peripherals sec- 
tion. 


The 8K of internal memory available on the ROM and 
EPROM versions of the 8OCl96KB reside in locations 


2000H-3FFFH. 
If EA is a TTL high, fetches from 


these locations will be directed internally. All reserved 
locations in internal memory must be programmed to 
OFFH for future compatibility. 


The reserved locations must be filled with OFFHs to 
remain compatible with future products and are shown 
in Figure 15-2. Any other values may cause unpredict- 
able results. 


Locations IFFEH and IFFFH are reserved for the data 
latches of Ports 3 and 4. More information is given on 
the functions of these ports in the peripherals section. 
The lower 10 interrupt vectors are stored in locations 
2000H-2013H. 
Location 
2014H contains 
the 
PPW 


(Programming Pulse Width) register. The PPW register 
is used solely to program 87Cl96KB EPROM parts 
and is a reserved location on ROM and ROMLESS 
versions. 2015H-2017H are reserved locations. 


EXTERNAL MEMORY 
OR 110 


INTERNAL PROGRAM 
STORAGE ROM/EPROM 
OR 
EXTERNAL MEMORY 


RESERVED 


VOLTAGE LEVELS 


SIGNATURE WORD 


RESERVED 


INTERRUPT VECTORS 


SECURITY KEY 


RESERVED 


CHIP CONFIGURATION 
BYTE 


RESERVED 


PPW 


INTERRUPT VECTORS 


PORTS3AND4 


2080H 


2704H-207FH 


2072H-2073H 


2070H-2071H 


2040H-208FH 


2030H-203FH 


2020H-202FH 


2019H-01FH 


2018H 


201SH-2017H 


2014H 


2000H-2013H 


lFFEH-1FFFH 


The Chip Configuration 
Byte is stored at location 


2018H. Locations 20l9H-201FH 
are reserved by Intel. 


2020H-202FH 
contains the ROM/EPROM 
security 


key. The most significant 8 interrupt vectors are at lo- 
cations 2030H-203EH. Locations 2040-206FH are also 
reserved by Intel. Locations 2070H-2073H contain the 
signature word. The signature word contains program- 
ming voltage information 
primarily for programmer 


manufacturers to determine which programming algo- 
rithm to use. Finally, locations 2074H-207FH are re- 
served by Intel. 


ltS.U 
t:XTERNAL 
MEMORY 
INTERFACING 


There are several different external operating modes on 
the 80C196KB. The standard bus mode uses a 16 bit 
multiplexed address/data bus. Other bus modes include 
an 8 bit external bus mode and a mode in which the bus 
size can be dynamically switched between 8-bits and 
16-bits. In addition, there are several options available 
on the type of bus control signals which make an exter- 
nal bus simple to design. 


In the standard mode, external memory is addressed 
through lines ADO-ADI5 which form a 16 bit multi- 
plexed bus. The address/data bus shares pins with ports 
3 and 4. Figure 16-1shows an idealized timing diagram 
for the external bus signals. 


Address 
Latch Enable (ALE) provides a strobe to 


transparent latches (74AC373s) to demultiplex the bus. 
To avoid confusion, the latched address signals will be 
called MAO-MAI5 and the data signals will be named 
MDO-MDI5. 


The data returned from external memory must be on 
the bus and stable for a specified setup time before the 
rising edge of RD (read). The rising edge of RD signals 
the end of the sampling window. Writing to external 
memory is controlled with the WR (write)~ 
Data is 


valid on MDO-MDI5 on the rising edge ofWR. At this 


time data must be latched by the external system. The 
8OC196KB has ample setup and hold times for writes. 


When BHE is asserted, the memory connected to the 
high byte of the data bus is selected. When MAO is a 0, 
the memory connected to the low byte of the data bus is 
selected. In this way accesses to a 16-bit wide memory 
can be to the low (even) byte only (MAO=O, BHE= I), 
to the high (odd) byte only (MAO= I, BHE=O), or the 
both bytes (MAO= 0, BHE = 10). 


When a block of memory is decoded for reads only, the 
system does not have to decode BHE and MAO. The 
8OC196KB will discard the byte it does not need. For 
systems that write to external memory, a system must 
generate separate write strobes to both the high and low 
byte of memory. This is discussed in more detail later. 


All of the external bus signals are gated by the rising 
and falling edges of CLKOUT. A zero waitstate bus 
cycle consists of two CLKOUT 
periods. Therefore, 


there are 4 clock edges that generate a complete bus 
cycle. The first falling edge of CLKOUT asserts ALE 
and drives an address on the bus. The rising edge of 
CLKOUT drives ALE inactive. The next falling edge 
of CLKOUT asserts RD (read) and floats the bus for a 
read.cycle. During a WR (write) cycle, this edge asserts 
WR and drives valid data on the bus. On the last rising 
edge of CLKOUT, data is latched into the 8OC196KB 
for a read cycle, or data is valid for a write cycle. 


The READY pin can insert wait states into the bus 
cycle for interfacing to slow memory or peripherals. A 
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READ ---------\......../ 
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wait state is 2 Tosc in length. Since the bus is synchro- 
nized to CLKOUT, it can only be held for an integral 
number ofwaitstates. Because the 8OC196KBis a com- 
pletely static part, the number of waitstates that can be 
inserted into a bus cycle is unbounded. Refer to the 
next section for information on internally controlling 
the number of waitstates inserted into a bus cycle. 


There are several setup and hold times associated with 
the READY signal. If these timings are not met, the 
part may insert the incorrect number of waitstates. 


The INST pin is useful for decoding more than 64K of 
addressing space. The INST pin allows both 64K of 
code space and 64K of data space. For instruction 
fetches from external memory, the INST pin is assert- 
ed, or high for the entire bus cycle. For data reads and 
writes, the INST pin is low. The INST pin is low for 
the Chip Configuration Byte fetch and for interrupt 
vector fetches. 


The CCR (Chip Configuration 
Register) is the first 


byte fetched from memory following a chip reset. The 
CCR is fetched from the CCB (Chip Configuration 
Byte) at location 2018H in either internal or external 
memory depending on the state of the EA pin. The 
CCR is only written once during the reset sequence. 
Once loaded, the CCR cannot be changed until the next 
reset. 


The CCR is shown in Figure 16-2.The two most signif- 
icant bits control the level of ROM/EPROM 
protec- 
tion. ROM/EPROM 
protection is covered in the last 


section. The next two bits control the internal READY 
mode. The next three bits determine the bus control 
signals. The last bit enables or disables the Powerdown 
Mode. 
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To simplify ready control, four modes of internal ready 
control are available. The modes are chosen by bits 4 
and 5 of the CCR and are shown in Figure 16-3. 


IRC1 
IRCO 
Description 


0 
0 
Limit to one wait state 


0 
1 
Limit to two wait states 


1 
0 
Limit to three wait states 


1 
1 
Wait states not limited internally 


The internal ready control logic limits the number of 
waitstates that slow devices can insert into the bus cy- 
cle. When the READY pin is pulled low, waitstates are 
inserted into the bus cycle until the READY pin goes 
high, or the number of waitstate equal the number pro- 
grammed into the CCR. So the ready control is a sim- 
ple logical OR between the READY pin and the inter- 
'nal ready control. 


inter 


This feature gives very simple and flexible ready con- 
trol. For example, every slow memory chip select line 
could be ORed together and connected to the READY 
pin with Internal Ready Control programmed to insert 
the desired number of waitstates into the bus cycle. 


If the READY pin is pulled low during the CCR fetch, 
the bus controller will automatically insert 3 waitstates 
into the CCR bus cycle. This allows the CCR fetch to 
come from slow memory without having to assert the 
READY pin. 


Using the CCR, the 8DCI96KB can generate several 
types of control signals designed to reduce external 
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ADO-IS 
-1 
ADDR·I 
DATAOUT 


hardware. The ALE, WR, and BHE pins serve dual 
functions. Bits 2 and 3 of the CCR specify the function 
performed by these control lines. 


If CCR bits 2 and 3 are Is, the standard bus control 
signals ALE, WR, and BHE are generated as shown in 
Figure 16-4. ALE rises as the address starts to be driv- 
en, and falls to externally latch the address. WR is driv- 
en for~ 
write. BHE and MAD can be combined to 


form WRL and WRH for even and odd byte writes. 
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Figure 16-5 is an example of external circuitry to de- 
code WRL and WRH. 


The Write Strobe Mode eliminates the need to external- 
ly decode for odd and even byte writes. If CCR bit 2 is 
0, and the bus is a 16-bit cycle, WRL and WRH are 
generated in place of WR and BHE. WRL is asserted 
for all byte writes to an even address and all word 
writes. WRH is asserted for all byte writes to odd ad- 
dresses and all word writes. The Write Strobe mode is 
shown in Figure 16-6. 


In the eight bit mode, WRL and WRH are asserted for 
both even and odd addresses. 


WRH 
VALID I 


ADO -15 
~ 
ADDR I 
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Address Valid strobe replaces ALE if CCR bit 3 is O. 
When Address valid Strobe mode is selected, ADV will 
be asserted after an external address is setup. It will 
stay asserted until the end of the bus cycle as shown in 
Figure 16-7. ADV can be used as a simple chip select 
for external memory. ADV looks exactly like ALE for 
back to back bus cycles. The only difference is ADV 
will be inactive when the external bus is idle. 


If CCR bits 2 and 3 are 0, the Address Valid with Write 
Strobe mode is enabled. Figure 16-8 shows the signals. 
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During 16 bit bus cycles, Ports 3 and 4 contain the 
address multiplexed with data using ALE to latch the 
address. In 8-bit bus cycles, Port 3 is multiplexed with 
address/data 
but Port 4 only outputs the upper 8 ad- 
dress bits. The Addresses on Port 4 are valid through- 
out the entire bus cycle. Figure 16-9 shows the two bus 
width options. 


The 8OC196KB external bus width can be run-time 
conFigured to operate as a 16 bit multiplexed address/ 
data bus, or as an MCS-51 style multiplexed 16 bit ad- 
dress/8 bit data bus. 
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The external bus width can be changed every bus cycle 
if a I was loaded into bit CCR.I at reset. The bus width 
is changed on the fly by using the BUSWIDTH pin. If 
the BUSWIDTH pin is a I, the bus cycle is 16-bits. For 
an 8-bit bus cycle, the BUSWIDTH pin is a zero. The 
BUSWIDTH 
is sampled by the 80CI96KB after the 


address is on the bus. The BUSWIDTH pin has about 
the same timing as the READY pin. 


Applications for the BUSWIDTH 
pin are numerous. 
For example, a system could have code fetched from 16 
bit memory, while data would come from 8 bit memo- 
ry. This saves the cost of using two 8 bit static RAMS if 
only the capacity of one is needed. This system could be 
easily implemented by tying the chip select input of the 
8-bit memory to the BUSWIDTH pin. 


IfCCR bit I is a 0, the 80CI96KB is locked into the 8 
bit mode and the BUSWIDTH pin is ignored. 


When executing code from a 8-bit bus, some perform- 
ance degradation is to be expected. The prefetch queue 
cannot be kept full under all conditions from an 8-bit 
bus. Also, word reads and writes to external memory 
will take an extra bus cycle for the extra byte. 


The 80CI96KB supports a bus exchange protocol, al- 
lowing other devices to gain control of the bus. The 


protocol consists of three signals, HOLD, HLDA, and 
BREQ which are multiplexed with 3 pins of portl. 
HOLD is an input asserted by a device which requests 
the 80CI96KB bus. Figure 16-10 shows the timing for 
HOLD/HLDA. 
The 80CI96KB responds by releasing 


the bus and asserting HLDA. When the device is done 
accessing the 80CI96KB memory, it relinquishes the 
bus by deactivating the HOLD pin. The 80CI96KB 
will remove its HDLA and assume control of the bus. 
The third signal, BREQ, is asserted by the 80CI96KB 
during the hold sequence when it has a pending exter- 
nal bus cycle. The 80CI96KB deactivates BREQ at the 
same time it deactivates HDLA. 
\ 
The HOLD, HLDA, and BREQ pin are multiplexed 
with PI.7, 
PI.6, 
and P1.5, respectively. To enable 


HOLD, HLDA and BREQ, the HLDEN bit (WSR.7) 
must be to I. HLDEN is cleared during reset. Once this 
bit is set, the port I pins cannot be returned to being 
quasi-bidirectional pins. The HOLD/HLDA 
feature, 


however, can be disabled by clearing the HLDEN bit. 


The HOLD and BREQ are sampled on phase I, or 
when CLKOUT is low. 


When the 80CI96KB acknowledges the hold re~, 
the output buffers for the addr/data 
bus, RD, WR, 


BHE and INST are floated. Although the strong pullup 
and pulldown on ALE are disabled, a weak pulldown is 
turned on to provide the option to wire OR ALE with 
other bus masters. The request to hold latency is depen- 
dent on the state of the bus controller. 
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The maximum hold latency is defined as the maximum 
time before the 80Cl96KB will respond with HLDA to 
an incoming HOLD. The minimum latency is half a 
state time with one or two states added depending if the 
part is executing out of internal or external memory. 
When executing out of external memory, one state time 
is also added for each waitstate inserted into the current 
bus cycle. Figure 16-11 shows the maximum latency. 


Max Hold Latency 


Internal 
Execution 
1% States 
External 
Execution 
2% States 


There is no delay from the time the 8OCl96KB re- 
moves HLDA to the time it takes control of the bus. 
After HOLD is removed, the 8OCl96KB drops HLDA 
in the following state and resumes control of the bus. 


BREQ is asserted when the part is in hold and needs to 
perform an external memory cycle. Once asserted, it 
remains asserted until HOLD is removed. At the earli- 
est, BREQ can be asserted with HLDA. 


Hold requests do not freeze the 80Cl96KB when exe- 
cuting out of internal memory. The part continues exe- 
cuting as long as the resources it needs are located in- 
ternal to the 8OC196KB. As soon as the part needs to 
access external memory, it asserts BREQ and waits for 
the HOLD to be removed. At this time, t.hepart cannot 
respond to any interrupt requests until HOLD is re- 
moved. 


When executing out of external memory during 
a 


HOLD, the 80Cl96KB keeps running until the queue 
is empty or it needs to perform an external data cycle. 
At this time the part asserts BREQ and waits for 


HOLD to be removed. The 8OCl96KB cannot service 
any interrupts until HOLD is removed. 


The 8OCl96KB will also respond to hold requests in 
the Idle Mode. The latency for entering bus hold from 
the Idle Mode is the same as when executing out of 
internal memory. 


Special consideration must be given to the bus arbiter 
design if the 80C196KB can be reset while in HOLD. 
For example, a CPU part would try and fetch the CCR 
from external memory after RESET is brought high. 
Now there would be two parts attempting to access 
8OCl96KB memory. Also, if another bus master is di- 
rectly driving ALE, RD, and INST, the ONCE mode 
or another test mode could be entered. The simplest 
solution is to make the RESET pin of the 8OCl96KB a 
system reset. This way the other bus master would also 
be reset. Examples of system reset circuits are given in 
Section 13. 


Clearing the HLDEN bit (WSR.7), can disable HOLD 
requests when consecutive memory cycles are required. 
Clearing the HOLEN bit, however, does not cause the 
8OCl96KB to take over the bus immediately. 
The 


80Cl96KB waits for the current HOLD request to fin- 
ish. Then it disables the bus hold feature, causing any 
new requests to be ignored until the HLDEN bit is set 
again. Since there is a delay from the time the code for 
clearing this bit is fetched to the time it is actually exe- 
cuted, the code that clears HLDEN needs to be a few 
instructions ahead of the block that needs to be protect- 
ed from HOLD requests. 


The safest way is to add a JNB instruction to check the 
status of the HLDA pin after the code that clears the 
HLDEN bit. Figure 16-12 is an example of code that 
prevents the part from executing a new instruction until 
both current HOLD requests are serviced and the hold 
feature is disabled. 


DI 
ANDB WSR, #OEFH 
JBC PORTl, 6, WAIT; 
••• 


disable interrupts 
disable hold request 
Check the HLDA pin 
If set, execute 
protected 
instructions 


ORB WSR,#80h 
EI 


enable HOLD requests 
enable interrupts 


NOTE: 
Interrupts 
should 
be disabled 
to prevent 
code 
interruption 


· inter 


for the AC timings to make sure your system meets 
specifications. The major timing specifications are ex- 
plained in English in Figure 16-14. 
Figure 16-13 shows the timing of the ADDR/DATA 
bus and control signals. Refer to the latest data sheet 
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BUS -< 
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- 
ADDRESS 
Valid to READY 
Setup: 


Maximum time the memory system has 
to decode READY after ADDRESS is 
output by the 80Cl96KB to guarantee at 
least one-wait state will occur. 


- 
ALE Low to READY Setup: Maximum 
time the memory system has to decode 
READY after ALE falls to guarantee at 
least one wait state will occur. 


- 
READY 
Low 
to 
READY 
HIGH: 
Maximum amount of nonREADY time 
or the maximum number of wait states 
that can be inserted into a bus cycle. 
Since the 80Cl96KB 
is a completely 


static part, TYLYH is unbounded. 
- 
READY 
Hold 
after 
CLKOUT 
Low: 
Minimum time the level on the READY 
pin must be valid after CLKOUT falls. 
The minimum hold time is always 0 ns. 
If maximum value is exceeded, addition- 
al wait states will occur. 


- 
READY 
Hold 
AFTER 
ALE 
Low: 
Minimum time the level on the READY 
pin must be valid after ALE falls. If 
maximum value is exceeded, additional 
wait states will occur. 


- 
ADDRESS Valid to BUSWIDTH 
Val· 


id: Maximum time the memory system 
has to decode BUSWIDTH 
after AD- 
DRESS is output by the 80C196KB. If 
exceeded, 
it 
is 
not 
guaranteed 
the 


8OCl96KB will respond with an 8- or 
16-bit bus cycle. 


- 
ALE 
Low 
to 
BUSWIDTH 
Valid: 
Maximum time after ALE/ ADV falls 
until BUSWIDTH must be valid. If ex- 
ceeded, 
it 
is 
not 
guaranteed 
the 


80Cl96KB will respond with an 8- or 
16-bit bus cycle. 


- 
BUSWIDTH 
Hold 
after 
CLKOUT 
Low: Minimum time BUSWIDTH must 
be held valid after CLKOUT falls. Al- 
ways 0 ns of the 8OC196KB. 


- 
ADDRESS Valid to Input Data Valid: 
Maximum time the memory system has 
to output valid data after the 80C196KB 
outputs a valid address. 


- 
RD Low to Input Data Valid: Maximum 
time the memory system has to output 
valid data after the 80Cl96KB asserts 
RD. 


TIMINGS THE 80C196KB WILL PROVIDE: 
FXTAL 
- 
Frequency on XTALl: Frequency of sig- 
nal 
input 
into 
the 
8OC196KB. The 


80Cl96KB runs internally at '/2 FXTAL. 


TOSC 
-lIFXTAL: 
All A.C. Timings are refer- 


enced to TOSC. 
TXHCH - 
XTALl 
High 
to CLKOUT 
High 
or 


Low: Needed in systems where the sig- 
nal driving XTALl 
is also a clock for 


external devices. 


- 
CLKOUT 
Cycle 
Time: Nominally 
2 


Tosc· 


- 
CLKOUT High Period: Needed in sys- 
tems which use CLKOUT as clock for 
external devices. 


- 
CLKOUT Falling Edge to ALE/ ADV 
Rising: A help in deriving other timings. 


- 
ALE/ ADV Falling Edge to CLKOUT 
Rising: A help in deriving other timings. 


- 
ALE Cycle Time: Time between ALE 
pulses. 


- 
ALE/ ADV High Period: Useful in de- 
termining 
ALE/ ADV 
rising 
edge to 


ADDRESS valid. External latches must 
also meet this spec. 


-- 
ADDRESS Setup to ALE/ADV Falling 
Edge: Length of time ADDRESS is val- 
id 
before 
ALE/ ADV 
falls. 
External 


latches must meet this spec. 


- 
ADDRESS Hold after ALE/ ADV Fall- 
ing Edge: Length of Time ADDRESS is 
valid after ALE/ ADV falls. External 
latches must meet this spec. 


- 
ALE/ ADV Low to RD Low: Len~ 
of 


time after ALE/ ADV falls before RD is 
asserted. 
Could 
be needed 
to insure 


proper memory decoding takes place be- 
fore a device is enabled. 


- 
CLKOUT 
Low to Input 
Data 
Valid: 


Maximum time the memory system has 
to output valid data after the CLKOUT 
falls. 


- 
RD High to Input Data Float: Time af- 
ter RD is inactive until the memory sys- 
tem must float the bus. If this timing is 
not met, bus contention will occur. 


- 
Data Hold after RD Inactive: Time after 
RD is inactive that the memory system 
must hold Data on the bus. Always 0 ns 
on the 8OC196KB. 


TRLRH 
TRHLH 


- 
RD Low to CLKOUT 
Falling Edge: 
Length of time from RD asserted to 
CLKOUT falling edge: Useful for sys- 
tems based on CLKOUT. 


- 
RD Low to RD High: RD pulse width. 


- 
RD High to ALE! ADV Asserted: Time 
between RD 
going inactive and next 
ALE! ADV, also used to calculate time 
between inactive and next ADDRESS 
valid. 
- 
RD Low to ADDRESS Float: Used to 
calculate 
when 
the 
80CI96KB 
stops 
driving ADDRESS on the bus. 


- 
ALE! ADV Low Edge to WR 
Low: 
Length of time ALE! ADV falls before 
WR is asserted. Could be needed to en- 
sure 
proper 
memory 
decoding 
takes 
place before a device is enabled. 
- 
CLKOUT 
Falling Edge to WR Low: 


Time between CLKOUT going low and 
WR being asserted. Useful in systems 
based on CLKOUT. 


TQVWH - 
Data Valid to WR Rising Edge: Time 
between data being valid on the bus and 
WR 
going inactive. 
Memory 
devices 


must meet this spec. 


TCHWH - 
CLKOUT 
High to WR Rising Edge: 


Time between CLKOUT going high and 
WR going inactive. Useful in systems 
based on CLKOUT. 


TWLWH - 
WR Low to WR High: WR pulse width. 
Memory devices must meet this spec. 


TWHQX - 
Data 
Hold 
after 
WR 
Rising 
Edge: 


Amount of time data is valid on the bus 
after WR going inactive. Memory devic- 
es must meet this spec. 


TWHLH - 
WR Rising Edge to ALE!ADV Rising 
Edge: Time between WR going inactive 
and next ALE! ADV. Also used to cal- 
culate WR inactive and next ADDRESS 
valid. 
TWHBX - 
BHE, 
INST, 
Hold after 
WR Rising 


Edge: Minimum time these signals will 
be valid after WR inactive. 
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ed in the lower half of memory,and the RAM in the 
upper half. 
External memory systems for the 8OC196KBcan be set 
up in many different ways. Figure 16-15shows a simple 
8 bit system with a single EPROM. The ADV Mode 
can be selected to provide a chip select to the memory. 
By setting bit CCR.1 to 0, the system is locked into the 
eight bit mode. An eight bit system with EPROM and 
RAM is shown in Figure 16-16.The EPROM is decod- 


Figure 16-17 shows a 16 bit system with 2 EPROMs. 
Again, ADV is used to chip select the memory. Figure 
16-18 shows a system with dynamic bus width. Code is 
executed from the two EPROMs and data is stored in 
the single RAM. Note the Chip Select of the RAM also 
is input to the BUSWIDTH pin to select an eight bit 
cycle. 
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When a single-chip system is being designed using a 
multiple chip system as a prototype, it may be neces- 
sary to reconstruct I/O Ports 3 and 4 using a memory 
mapped I/O technique. The circuit to reconstruct the 
Ports is shown in Figure 16-19. It can be attached to a 
8OCl96KB system which has the required address de- 
coding and bus demultiplexing. 


The output 
circuitry is a .latch that operates when 


1FFEH or IFFFH are placed on the MA lines. The 
inverters surrounding the latch create an open-collector 
output to emulate the open-drain output found on the 
8OC196KB. The RESET line sets the ports to all Is 
when the chip is reset. The voltage and current specifi- 
cations 
of 
the 
port 
will 
be 
different 
from 
the 


8OC196KB, but the functionality will be the same. 


The input circuitry is a bus transceiver that is addressed 
at IFFEH 
and IFFFH. 
If the ports are going to be 


either inputs or outputs, but not both, some of the cir- 
cuitry may be eliminated. 


17.0 
USING ROM AND EPROM 
PARTS 


Three flexible EPROM programming modes are avail- 
able on the 87C196KB; Auto, Slave, and Run-time. 
These modes can program the 87C196KB in a stand 
alone, gang, or run-time environment. 


The 87C196KB contains 8K bytes of ultraviolet Eras- 
able and Electrically Programmable Read Only Memo- 
ry (EPROM). 
The 83C196KB contains 8K bytes of 
Read Only Memory (ROM). 


17.1 
ROM/EPROM 
Memory Protection 
Options 


Write protection is available for EPROM parts, and 
read 
protection 
is provided 
for 
both 
ROM 
and 


EPROM parts. 


Write protection is enabled by setting the LOCO bit in 
the CCR to zero. When write protection is enabled, the 
bus controller will cycle through the write sequence but 
will not actually drive data to the EPROM or enable 
Vpp to the EPROM. This protects the entire EPROM 
2000-3FFFH 
from inadvertent 
or unauthorized 
pro- 


gramming. 


Read protection is enabled by setting the LOCI bit of 
the CCR. When read protection is selected, the bus 
controller will only perform a data read from the ad- 
dress range 2020H-202FH and 2040H-3FFFH 
if the 


Slave Program Counter is in the range 2000H-3FFFH. 
Since the Slave PC can be as many as 4 bytes ahead of 
the CPU program counter, an instruction after address 
3FFAH may not access protected memory. Also note 
the interrupt vectors and CCB are not read protected. 


EA is latched on reset so the device cannot be switched 
from internal to external memory by toggling EA. 


The EPROM is mapped into memory locations 2000H- 
3FFFH 
if EA is at logical 
I. However, applying 


+ 12.75V to EA when RESET is asserted will place the 
87C196KB in Programming Mode. The Programming 
Mode has been implemented to support programming 
as well as verification of 87C196KB EPROMs. 


The Auto Programming Mode enables an 87C196KB 
to program itself with the 8K bytes of code beginning at 
address 4000H on its external bus. The Slave Mode 
provides a standard interface that enables any number 
of 87C196KBs to be programmed by a master device 
such as an EPROM programmer. The Run-time Mode 
allows individual EPROM locations to be programmed 
at run-time under complete software control. 


In the Programming Mode, some I/O pins have new 
functions. These new pin functions determine and sup- 
port the different programming 
modes. Figure 
17-1 


SELECTS 
PROGRA ••••••ING 
"'ODE 


HSI.O 
HSI.l 
HSI.2 
HSI.3 
P2 .• 


87C196KB 


CO ••••••AND 
DATA 
PATH 


PACT 


PALE 


PROG 


PVER 


AINC 


Figure 17·1. Programming 
Mode Pin Functions 
3-86 


Name 
Function 


PMODE 
Programming 
Mode Select. Determines 
the EPROM programming 
algorithm 
that is 
performed. 
PMODE is sampled 
after a chip reset and should be static while the part is 
operating. 


SID 
Slave ID Number. Used to assign each slave a pin of Port 3 or 4 to use for passing 
programming 
verification 
acknowledgement. 
For example, 
if gang programming 
in the Slave 
Programming 
Mode, the slave with SID = 001 will use Port 3.1 to signal correct 
or incorrect 
program 
verification. 


PALE 
Programming 
ALE Input. Accepted 
by an 87C196KB 
that is in Slave Programming 
Mode. 
Used to indicate that Ports 3 and 4 contain a command/address. 


PROG 
Programming. 
Falling edge indicates 
valid data on PBUS and the beginning 
of programming. 
Rising edge indicates 
end of programming. 


PACT 
Programming 
Active. 
Used in the Auto Programming 
Mode to indicate when programming 
activity is complete. 


PVER 
Program Verification. 
Signal is low after rising edge of PROG if the programming 
was not 
successful. 


AINC 
Auto Increment. 
Active low signal indicates 
that the auto increment 
mode is enabled. 
Auto 


Increment 
will allow reading or writing of sequential 
EPROM locations 
without 
address 
transactions 
across the PBUS for each read or write. 


PORTS 
Address/Command/Data 
Bus. Used to pass commands, 
addresses 
and data to and from 
slave mode 87C196KBs. 
Used by chips in Auto Programming 
Mode to pass command, 


addresses 
and data to slaves. Also used in the Auto Programming 
Mode as a regular system 
bus to access external 
memory. Should have pullups to Vcc (15 kfi). 


shows how the pins are renamed and Figure 17-2 de- 
scribes in det~il each new pin function. 


While in Programming Mode, PMODE selectsthe pro- 
gramming function (see Figure 17-3). Run-time pro- 
gramming can be done at any time. 


PMODE 
Programming 
Mode 


0-4 
Reserved 


5 
Slave Programming 


6-0BH 
Reserved 


OCH 
Auto Programming 


ODH 
. 


Program Configuration 
Byte 


OEH-OFH 
Reserved 


Figure 17·3. Programming 
Function 
Pmode Values 


To guarantee proper functionality, the pins of PMODE 
and SID must be in their desired state before RESET 
rises. Once the part is reset, it should not be switched to 
another mode without a new reset sequence. 


When EA selects the Programming Mode, the chip re- 
set sequence loads the CCR from the PCCB (Program- 
ming Chip Configuration Byte). The PCCB is a sep- 


arate EPROM location that is not mapped under nor- 
mal operation. PCCB is important only when in the 
Auto 
Programming 
Mode. 
In 
this 
mode, 
the 


87CI96KB gets the programming data over the exter- 
nal bus. Therefore, the PCCB must correctly corre- 
spond to the memory system in the programming set- 
up, which is not necessarily the memory system of the 
application. 


The following sections describe the 87CI96KB pro- 
gramming modes in detail. 


PROGRAMMING 
PULSE WIDTH 
REGISTER 
(PPW) 


When the 87CI96KB programs itself the width of the 
programming pulse is determined by the 8 bit PPW 
(Programming Pulse Width) register. In the Auto Pro- 
. gramming Mode, the PPW is loaded from location 
4014H in external memory. In Run-time Programming 
Mode, the PPW is located in window 14 at 04H. In 
order for the EPROM to properly program, the pulse 
width must be set to approximately 100 uS. The pulse 
width is dependent on the oscillator frequency and is 
calculated with the following formula: 


inter 


The Auto Programming Mode allows an 87Cl96KB 
EPROM to be programmed without a special EPROM 
programmer. In this mode, the 87Cl96KB simply pro- 
grams itself with the data at external locations 4OOOH- 
5FFFH. Location 4014H in external memory contains 
the value that is loaded into the PPW. All that is re- 
quired is that of external memory reside at these loca- 
tions, EA is at 12.75V, the PPW is in location 4014H, 
and Vpp is applied. Figure 17-4shows a minimum con- 
figuration using an 8K " 8 EPROM 
to program an 
87CI96KB in the Auto Programming Mode. 


The 87CI96KB first reads a word form external memo- 
ry, then the Modified Quick-Pulse Programming Algo- 
rithm 
(described later) programs 
the corresponding 
EPROM location. Since the erased state of a byte is 
OFFH, the Auto Programming Mode will skip loca- 
tions with OFFH for data. When all 8K have been pro- 
grammed, PACT goes high and the part outputs a 0 on 
port 3.0 if it programmed correctly and a 1 if it failed. 


- 
R5 


RESET 


HSI.O-;-HSI.3 


RXO 


T2CLK 


T2RST 
ALE 


EXTINT 


NMI 


COE 


EA 


+12.75V 
Vpp 


+12.75V· 


PACT 


87C196KB 


100}J.r I. 


NOTE: 
"Inputs must be drivenhighor low. 


Auto 
Configuration 
Byte Programming 
Mode 


The CCB (2018H) can be treated just like any other 
EPROM 
location, and programmed 
using any pro- 
gramming mode. But the Auto Configuration Byte Pro- 
gramming Mode allows a simple way to program the 
CCB when no other locations need be programmed. 
This mode also programs the PCCB. Figure 17-5shows 
a block diagram for using the Auto Configuration Byte 
Programming Mode. 


With PMODE 
= ODH and OFF on Port 4, the CCB 
and PCCB will be programmed with the data on Port 3 
when a 0 is placed on PALE. After programming is 
complete, PVER 
is driven 
high if the bytes pro- 
grammed correctly, and low if the programming failed. 


This is the only way to program the PCCB. PCCB is a 
non-memory mapped location that gets loaded into the 
CCR when the 87Cl96KB is placed in Programming 
Mode. If the PCCB is not programmed, the CCR will 
be loaded with OFFH when entering the Programming 
Mode. 


20h 


+5V 
XTAL2 


VREr 


PO.7 
PO.6 
PO.5 


NOTES: 
Tie Port 3 to the value desired to be programmed into 
GGS and PGGS. 
Make all necessary minimum connections for power, 
ground and clock. 


17.4 Slave Programming Mode 


Any number of 87C196KBs can be programmed by a 
master programmer 
through the Slave Programming 
Mode. 


In this mode, the 87C196KB programs like a simple 
EPROM device. The 87C196KB responds to three dif- 
ferent commands while in this mode: data program, 
d~ta verify, and word dump. These commands, along 
with the transfer of appropriate data and addresses are 
selected using Ports 3 and 4 and five other pins for 
handshaking. The two most significant bits on Ports 3 
and 4 specify the command and the lower 14 bits con- 


AODR/CO~~AND 
»-----<:~ 
D_A_TA 
__ ..,:>_____<: 
ADDR/CO~~AND 
-< 


' 
I 


tain the address. The address ranges from 2000H- 
3FFFH and refers to internal memory space. Figure 
17-6 is a list of valid Programming Commands. 


P4.7 
P4.6 
Action 


0 
0 
Word Dump 
0 
1 
Data Verify 
1 
0 
Data Program 
1 
1 
Reserved 


Figure 17·6. Slave Programming 
Mode Commands 


The 87C196KB receives an input signal, PALE, to in- 
dicate a valid command is present. PROG causes the 
87C196KB to read in or output a data word. An output 
signal, PVER, indicates if the programming was suc- 
cessful. AINC automatically increments the address for 
the Data Program and Word Dump commands. There 
is no 87C196KB dependent limit to the number of parts 
that can be gang programmed in the Slave Mode. 


A Data Program Command is illustrated in Figure 17- 
7. Asserting PALE latches the command and address 
on Ports 3 and 4. PROG is asserted to latch the data 
present on Ports 3 and 4. PROG also starts the actual 
programming sequence. The width of the PROG pulse 
determines the programming pulse width. 


After the rising edge of PROG, the slaves automatically 
perform a verification of the address just programmed. 
PVER is asserted if the location programmed correctly. 
This gives verification information 
to programmers 
which can not use the Data Verify Command. The 
AINC pin can increment to the next location or a new 
Data Program Command can be issued. 


'-- 
''------J1 
\ 
f 


If PVER of all slaves are Is after PROG rises then the 
data program was successful for every slave. If PVER is 
a 0 for any slave, then the part did not program correct- 
~ure 
17-7 shows the relationship 
of PALE, 
PROG, 
and PVER to the CommandlData 
path on 
Ports 3 and 4 for the Data Program Command. 


When the Data Verify Command is sent, the slaves re- 
spond by driving one bit of Ports 3 and 4 to indicate 
correct or incorrect verification of the previous Data 
Program Command. A I indicates a correct verifica- 
tion, and a 0 indicates incorrect verification. The SID 
(Slave I.D) of each slave determines which bit of Ports 
3 and 4 will be driven. For example, a SID of 0001 
would drive Port 3.J. PROG governs when the slaves 
drive the bus. Figure 17-8 shows the relationship of 
ports 3 and 4 to PALE and PROG. 


A Data Verify Command is always preceded by a Data 
Program Command in a programming system with as 
many as 16 slaves. However, a Data Verify Command 
does not have to follow every Data Program Com- 
mand. 


When 
the 
Word 
Dump 
Command 
is issued, the 
87CI96KB adds 2000H to the address field of the com- 


\ 
1 


mand and places the value at the new address on Ports 
3 and 4. For example, sending the command OIOOHto 
a slave results in the slave placing the word at internal 
address 2100H on Ports 3 and 4. PROG governs when 
the slave drives the bus. The Timings are the same as 
shown in Figure 17-7. 


. Note that the Word Dump Command will work only 
when just one slave is attached to the bus. Also, there is 
no restriction on commands that precede or follow a 
Word Dump Command. 


Gang Programming 
With the Slave 
Programming 
Mode. 


Gang Programming of 87C196KBs can be done using 
the Slave Programming Mode. There is no 87C196KB 
based limit on the number of chips that may be hooked 
to the same Port 3 and 4 data path for gang program- 
ming. 


If more than 16 chips are being gang programmed, the 
PVER outputs of each chip could be used for verifica- 
tion. The master programmer could issue a Data Pro- 
gram Command, then either watch every chip's error 
signal, or AND all the signals together to form a sys- 
tem PVER. 


ADDR 


VER BITS/WD 
DUMP 


ADDR+ 2 


VER BITS!WD 
DUMP 


\ 
1 
\__ 
1 


\_--------- 


If 16 or fewer 87Cl96KBs are to be Gang programmed 
at once, a more flexible form of verification is available. 
By giving each chip a unique SID, the master program- 
mer could issue a Data Verify Command after the Data 
Program Command. When a verify command is seen 
by the slaves, each will drive a bit of Ports 3 or 4 corre- 
sponding to its unique SID. A 1 driven signals the ad- 
dress verified, while a 0 means it failed. 


Run-Time Programming allows the user complete flexi- 
bility in the ways the internal EPROM is programmed. 
That flexibility includes the ability to program just one 
byte or word instead of the whole EPROM. The only 
additional requirement of a system doing Run-Time 
Programming is that programming voltage is~plied 
Vpp. Run-Time Programming is done with EA at a 
TTL high. 


To Run-Time Program, the user writes to the location 
to be programmed. The value of the PPW register de- 
termines the programming pulse. The PPW may not be 
available on future proliferations of the 80C196KB. To 
ensure future compatibility, the Idle Mode should be 
used for Run-Time Programming. Figure 17-9 is the 
recommended code sequence for Run-Time Program- 
ming. The Modified Quick Pulse algorithm guarantees 
the progrl!-mmedEPROM cell for the life of the part. 


A 'Security Key' mechanism and ROM Dump Mode 
have 
been 
implemented 
for 
testing 
internal 


ROM/EPROM. 


The security key is a 128 bit number located in internal 
memory at locations 2020H-202FH The security key 
must be matched before a ROM dump will occur. 


The ROM Dump Mode is' entered just like any other 
Programming Mode (EA = 12.75V) with PMODE = 
6H. The ROM Dump will write out the entire EPROM 
or ROM to locations 4OOOH-5FFFHin external memo- 
ry. 


The ROM Dump Mode begins with a security key veri- 
fication. The user puts the same security key at external 
locations 4020H-402FH that is in internal locations 
2020H-202FH. 
Before 
doing 
a 
ROM 
dump, 
the 


87Cl96KB compares the two security keys. If they do 
not match, the 87Cl96KB enters an endless loop of 
internal execution. 


When using the Auto Configuration byte or Auto Pro- 
gramming Modes, a security key verification is done if 
the CCB has read and or write protection enabled. 


If the PCCB is programmed with any read or write 
protection, there is no way to enter any of the program- 
ming modes. So the last thing that should be done to 


PROGRAM: 
POP ADDRESS_TEMP 
POP DATA_TEMP 
PUSHF 
LD COUNT, 
#25T 


LOOP: 
* LDB INT_MASK,#ENABLE_SWT 
* LDB HSO_COMMAND,#SWTO_OVF 
* ADD HSO_TlME,TIMER1,#PROGRAM_PULSE 
* EI 
ST DATA_TEMP, [ADDR_TEMP] 


* IDLPD 
1 
DJNZ 
COUNT, 
LOOP 
POPF 
RET 


LD WSR,#14 
LD PPW,#VALUE 


SWT_EXPIRED: 
*POP 0 


*RET 


NOTE: 
·NotReallyNeededon Current87C196KBPart 


;Initialize 
programmable 


;pulse width 


;Load program 
data 


;and address 


;program using Modified 
Quick Pulse 
;program SWT for 
;program pulse 
width 


;enter idle mode until 
;swt expires 
;loop 25 times 


inter 


protect the part from unauthorized access, is to pro- 
gram the PCCB. 


The Modified 
Quick 
Pulse Algorithm 


The Modified Quick Pulse Algorithm must be used to 
guarantee programming over the life of the EPROM in 
Run-time and Slave Programming Modes. 


The Modified Quick-Pulse Algorithm 
calls for each 
EPROM location to receive 25 separate 100 uS (± 5 
J.los)programming cycles. Verification is done after the 
25th pulse. If the location verifies, the next location is 
programmed. If the location fails to verify, the location 
fails the programming sequence. 


Once all locations are programmed and verified, the 
entire EPROM is again verified. 


Programming 
of 87CI96KB 
EPROMs 
is done with 


Vpp = 12.75V ±0.25V and VCC = 5.0V ±0.5V. 


Signature 
Word 


The 87CI96KB contains a signature word at location 
2070H. The word can be accessed in the Slave Mode by 
executing a Word Dump Command. The programming 
voltages are determined by reading the test ROM at 
locations 2072H and 2073H. The voltages are calculat- 
ed by using the following equation. 


The values for the signature word and voltage levels are 
shown in Figure 17-10. 


Description 
Location 
Value 


Signature 
Word 
2070H 
897CH 
Programming 
Vcc 
2072H 
040H 
(5.0V) 
Programming 
Vpp 
2073H 
OA3H 
(12.75V) 


After each erasure, all bits of the 87CI96KB are logical 
'Is'. 
Data is introduced by selectively programming 


'Os'. The only way to change a '0' to a 'I' is by exposure 
to ultraviolet light. 


The erasure characteristics of the 87CI96KB 
are so 


that erasure begins upon exposure to light with wave- 
lengths shorter than approximately 4000 Angstroms. It 
should be noted that sunlight and certain types of fluo- 
rescent lamps have wavelengths in the 3000-4000 Ang- 
strom range. Constant exposure to room level fluores- 
cent lighting could erase a 87CI96KB in about 3 years. 
It would take about I week in direct sunlight to erase 
an 87C196KB. 


Opaque labels should always be placed over the win- 
dow to prevent unintentional erasure. In the Power- 
down Mode, the part will draw more current than nor- 
mal if the EPROM window is exposed to light. 


The 
recommended 
erasure 
procedure 
for 
the 


87CI96KB is exposure to ultraviolet light which has a 
wavelength of 2537 Angstroms. The integrated dose 
(UV intensity • exposure time) should be a minimum of 
15 Wsec/cm2. The total time for erasure is about 15 to 
20 minutes at this level of exposure. The 87CI96KB 
should be placed within I inch of the lamp during expo- 
sure. The maximum integrated dose an 87CI96KB can 
be exposed to without damage is 7258 Wsec/cm2 (I 
week @ 12000 uW/cm2). 
Exposure to UV light greater 


than this can cause permanent damage. 


MCS®,.,96Instruction 
Set 
4 


inter 


This chapter of the manual gives a description of each 
instruction recognized by the 8096. The instructions are 
sorted alphabetically by the mnemonic used in the as- 
sembly language for the 8096. A summary of the in- 
struction set is included in Section 14 of the MCS~-96 
Architecture chapter. 


The instruction set descriptions in the following sec- 
tions do not always show the effect on the program 
counter (PC). Unless otherwise specified, all instruc- 
tions increment the PC by the number of bytes in the 
instruction. 


A set of acronyms are used to make the instruction set 
descriptions easier to read, their definitions are listed 
below: 


88. A two bit field within an opcode which selects the 
basic addressing mode user. This field is only present in 
those opcodes which allow address mode options. The 
encoding of the field is as follows: 


aa 
Addressing mode 


00 
Register 
direct 


01 
Immediate 


10 
Indirect 


11 
Indexed 


The selection between indirect and indirect with auto- 
increment or between short and long indexing is done 
based on the least significant bit of the instruction byte 
which follows the opcode. This type selects the l6-bit 
register which is to take part in the address calculation. 
Since the 8096 requires that words be aligned on even 
byte boundaries this bit would be otherwise unused. 


breg. A byte register in the internal register file. When 
confusion could exist as to whether this field refers to a 
source or a destination register it will be prefixed with 
an US" or a "0". 


baop. A byte operand which is addressed by any of the 
address modes discussed in Section 3.2 of the MCS-96 
Architecture chapter. 


bitno. A three bit field within an instruction op-code 
which selects one of the eight bits in a byte. 


wreg. A word register in the internal register file. When 
confusion could exist as to whether this field refers to a 
source register or a destination register it will be pre- 
fixed with an "S" or a "D". 


waop. A word operand which is addressed by any of the 
address modes discussed in Section 3.2 of the MCS-96 
Architecture chapter. 


BEA. Extra bytes of code required for the address 
mode selected. 


CEA. Extra state times (cycles) required for the address 
mode selected. 


Flag Settings. The modification to the flag setting is 
shown for each instruction. A checkmark (Y') means 
that the flag is set or cleared as appropriate. A hyphen 
means that the flag is not modified. A one or zero (1) or 
(0) indicates that the flag will be in that state after the 
instruction. An up arrow (i) 
indicates that the in- 


struction may set the flag if it is appropriate but will 
not clear the flag. A down arrow ( .j,) indicates that the 
flag can be cleared but not set by the instruction. A 
question mark (?) indicates that the flag will be left in 
an indeterminant state after the operation. 


Generic 
Jumps 
and 
Calls. The 
assembler 
for the 


MCS-96 family provides for generic jumps and calls. 
For all of the conditional jump instructions a "B" can 
be substituted for the "J" and the assembler will gener- 
ate a code sequence which is logically equivalent but 
can reach anywhere in the memory. A JH can only 
jump about 128 locations from the current program 
counter; a BH can jump anywhere in memory. In a like 
manner a BR will cause a SJMP or UMP to be gener- 
ated as appropriate and a CALL will cause a SCALL 
or LCALL to be generated. The assembler user's guide 
should be consulted for the algorithms used by the as- 
sembler to convert these generic instructions into actual 
machine instructions. 


Indirect Shifts. The indirect shift operations use regis- 
ters 24 through 255 (18H-OFFH), 
since 0-15 are di- 


rect operators and registers 16 through 23 are Special 
Function Registers. Note that indirect shifts through 
SFRs are illegal operations. 


The maximum shift count is 31 (lFH). 
Count values 


above this will be truncated to the 5 least significant 
bits. 


Operation: 
The sum of the two word operands is stored into the destination (leftmost) 
operand. 


(DEST) -- 
(DEST) + (SRC) 


Assembly 
Language 
Format: 
ADD 
DST 
SRC 
wreg, 
waop 


Object Code Format: 
[ 
011001aa I[ waop I[ wreg I 


Bytes: 
2 + BEA 
States: 4 + CEA 


Operation: 
The Sum of the second and third word operands is stored into the destination 
(leftmost) operand. 


(DEST) -- 
(SRC1) + (SRC2) 


Assembly 
Language 
Format: 
ADD 
DST 
SRC1 
SRC2 
Dwreg, Swreg, 
waop 


Object Code Format: 
[ 
010001aa I[ waop I[ Swreg I[ Dwreg I 


Bytes: 
3 + BEA 
States: 5 + CEA 


inter 


Operation: 
The sum of the two byte operands is stored into the destination (leftmost) 
operand. 
(DEST) +- (DEST) + (SRC) 


Assembly 
Language 
Format: 
ADDB 
DST 
SRC 
breg, 
baop 


Object Code Format: 
[ 
011101aa 
1 [ 
baop 
1 [ 
breg 
1 


Bytes 
2 + BEA 
States: 4 + CEA 


Operation: 
The sum of the second and third byte operands is stored into the destination 
(leftmost) operand. 
(DEST) +- (SRC1) + (SRC2) 


Assembly 
Language 
Format: 


ADDB 
DST 
SRC1 
SRC2 
Dbreg, 
Sbreg, 
baop 


Object Code Format: 
[ 
010101aa 
1 [ 
baop 
1 [ 
Sbreg 
1 [ 
Dbreg 
1 


Bytes: 
3 + BEA 
States 
5 + CEA 


inter 


/ 


Operation: 
The sum of the two word operands 
and the carry flag (0 or 1) is stored into the 


destination 
(leftmost) 
operand. 


(DEST) +- (DEST) + (SAC) + C 


Assembly 
Language 
Format: 
ADDC 
DST 
wreg. 
SAC 
waop 


Object Code Format: 
[ 
101001 aa 
1 [ - waop 
1 [ 
wreg 
1 


Bytes: 
2 + BEA 
States: 
4 + BEA 


Z 
ST 


..l- 


Operation: 
The sum of the two byte operands 
and the carry flag (0 or 1) is stored into the 


destination 
(leftmost) 
operand. 


(DEST) +- (DEST) + (SAC) + C 


Assembly 
Language 
Format: 
DST 
SAC 
ADDCB 
brag, 
baop 


Object Code Format: 
[ 
101101 aa 
1 [ 
baop 
1 [ 
breg 
1 


Bytes: 
2 + BEA 
States: 
4 + CEA 


Z 
ST 


..l- 


Operation: 
The two word operands are ANDed, the result having a 1 only in those bit 
positions where both operands had a 1, with zeroes in all other bit positions. 
The result is stored into the destination (leftmost) operand. 


(DEST) - 
(DEST) AND (SAC) 


Assembly 
Language 
Format: 
AND 
DST 
SAC 
wreg, 
waop 


Object Code Format: 
[ 
011000aa 
1 [ 
waop 
1 [ 
wreg 
1 


Bytes: 
2 + BEA 
States 
4 + CEA 


8.' AND (Three 
Operands) 
- 
LOGICAL 
AND WORDS 


Operation: 
The second and third word operands are ANDed, the result having a 1 only in 
those bit positions where both operands had a 1, with zeroes in all other bit 
positions. The result is stored into the destination (leftmost) operand. 


(DEST) - 
(SAC1) AND (SAC2) 


Assembly 
Language 
Format: 
AND 
DST 
SAC1 
SAC2 
Dwreg, Swreg, 
waop 


Object Code Format: 
[ 
010000aa 
1 [ 
waop 
1 [ 
Swreg 
1 [ 
Dwreg 
1 


Bytes: 
3 + BEA 
States: 
5 + CEA 


inter 


Operation: 
The two byte operands are ANDed, the result having a 1 only in those bit 
positions where both operands had a 1, with zeroes in all other bit positions. 
The result is stored into the destination (leftmost) operand. 


(DEST) - 
(DEST) AND (SRC) 


Assembly 
Language 
Format: 


AN DB 
DST 
SRC 
breg, 
baop 


Object Code Format: 
[ 
011100aa 
1 [ 
baop 
1 [ 
breg 
1 


Bytes: 
2 + BEA 
States: 
4 + CEA 


Operation: 
The second and third byte operands are ANDed, the result having a 1 only in 
those bit positions where both operands had a 1, with zeroes in all other bit 
positions. The result is stored into the destination (leftmost) operand. 
(DEST) - 
(SRC1) AND (SRC2) 


Assembly 
Language 
Format: 


AN DB 
DST 
SRC1 
SRC2 
Dbreg, 
Sbreg, 
baop 


Object Code Format: 
[ 
0101OOaa 1 [ 
baop 
1 [ 
Sbreg 
1 [ 
Dbreg 
1 


Bytes: 
3 + BEA 
States: 
5 + CEA 


inter 


Operation: 
This instruction 
is used to move 
a block 
of word 
data from 
one 
location 
in 


memory 
to another. 
The 
source 
and 
destination 
addresses 
are calculated 


using the indirect 
with auto-increment 
addressing 
modes. 
A long register 
ad- 


dresses the source and destination 
pointers 
which are stored in adjacent 
word 


registers. 
The number of transfers 
is specified 
by a word register. 
The blocks 


of data can reside anywhere 
in memory, 
but should 
not overlap. 


COUNT 
+- (CNTREG) 
LOOP: SRCPTR 
+- (PTRS) 
DSTPTR 
+- (PTRS 
+ 
2) 
(DSTPTR) 
+- (SRCPTR) 
(PTRS) +- SRCPTR 
+ 
2 
(PTRS) 
+ 
2) +- 
DSTPTR 
+ 
2 
COUNT 
+- COUNT 
- 
1 
if COUNT < > 0 then go to LOOP 


PTRSCNTREG 


Assembly 
Language 
Format: 
BMOV Lreg, wreg 


Object Code Format: 
[11000001 
1 [wreg 
1 [ Lreg 1 


Bytes: 
States: 
3 
internal/internal: 
external/internal: 
external/ 
external: 


8 per transfer 
+ 
6 
11 per transfer 
+ 
6 
14 per transfer 
+ 
6 


NOTES: 
1. CNTREG 
does not get decremented 
during the instruction. 


2. It is easy to unintentionally 
create 
a very long un-interruptable 
operation 


with this instruction. 


To provide 
an interruptable 
version 
of the BMOV for large blocks, 
the BMOV 


instruction 
can be used with the DJNZ 
instruction. 
This is possible 
because 


the pointers 
are modified, 
but CNTREG 
is not. Consider 
the example: 


LD 
LD 
LD 
LD 


Move: 
BMOV 
DJNZ 


PTRS, SRC 
PTRS+2, 
DST 
CNTREG, 
#COUNT 
CNTSET, 
# SETS 


PTRS,CNTREG 
CNTSET, 
MOVE 


;Pointer 
to base of sources 
table 


;Pointer 
to base of destination 
table 
;Number 
of bytes to move per set 
;Number 
of sets to move 


;Move one set 
;Decrement 
set counters 
and move again 


Operation: 
The execution continues at the address specified in the operand word regis- 
ter. 
PC +- (DEST) 


Object Code Format: 
[ 
11100011 
1 [ 
wreg 
1 


Bytes: 
2 
States: 
8 (7 on 80C196KB) 


Operation: 
The value of the word operand is set to zero. 
(DEST) +- 0 


Object Code Format: 
[ 
00000001 
1 [ 
wreg 
1 


Bytes: 
2 
States: 
4 (3 on 80C196KB) 


Z 
ST 


,1 


Operation: 
The value of the byte operand is set to zero. 


(DEST) 
- 
0 


Object Code Format: 
[ 
00010001 I[ breg I 


Bytes: 
2 
States: 
4 (3 on 80C196KB) 


Z 
ST 


1 


Operation: 
The value of the carry flag is set to zero. 
C-O 


Object Code Format: 
[ 
11111000 


Bytes: 
1 
States: 
4 (2 on 80C196KB) 


inter 


Operation: 
The value of the overflow-trap 
flag is set to zero. 


VT--O 


Object Code Format: 
[ 
11111100 


Bytes: 
1 


States: 
4 (2 on 80C196KB) 


Operation: 
The source 
(rightmost) 
word operand 
is subtracted 
from the destination 
(left- 


most) word operand. 
The flags are altered 
but the operands 
remain unaffect- 


ed. The carry flag is set as complement 
of borrow. 


(DEST) - 
(SRC) 


DST 
SRC 
wreg, 
waop 


Object Code Format: 
[ 
100010aa 
I[ waop I[ wreg I 


Bytes: 
2 + BEA 
States: 
4 + CEA 


intJ 


Operation: 
The source 
(rightmost) 
byte operand 
is subtracted 
from the destination 
(left- 


most) byte operand. 
The flags are altered but the operands 
remain unaffected. 


The carry flag is set as complement 
of borrow. 


(DEST) - 
(SRC) 


DST 
breg. 


SRC 
baop 


Object Code Format: 
[ 
10011 Oaa 
1 [ 
baop 
1 [ 
breg 
1 


Bytes: 
2 + BEA 
States: 
4 + CEA 


Operation: 
This instruction 
is used to compare 
the magnitudes 
of two double word (long) 


operands. 
The operands 
are specified 
using the direct addressing 
mode. Five 


PSW flags are set following 
this operation, 
but the operands 
are not affected. 


DST·SRC 


DST 
SRC 


Assembly 
Language 
Format: 
CMPL Lreg. Lreg 


Bytes: 
States: 


Operation: 
The value of the word operand is decremented by one. 
(DEST) +- (DEST) - 
1 


Object Code Format: 
[ 
00000101 
1 [ 
wreg 
1 


Bytes: 
2 
States: 
4 (3 on 80C196KB) 


Operation: 
The value of the byte operand is decremented by one. 
(DEST) +- (DEST) - 
1 


Object Code Format: 
[ 
00010101 
1 [ 
breg 
1 


Bytes: 
2 
States: 
4 (3 on 80C196KB) 


Z 
ST 
~ 


Operation: 
Interrupts are disabled. Interrupt-calls will not occur after this instruction. 
Interrupt Enable (PSW.9) +- 0 


Bytes: 
1 
States: 
4 (2 on 80C196KB) 


inter 


Operation: 
This instruction 
divides the contents 
of the destination 
LONG-INTEGER 
oper- 


and by the contents 
of the INTEGER 
word operand, 
using signed 
arithmetic. 


The low order word of the destination 
(Le., the word with the lower address) 


will contain 
the quotient; 
the high order word will contain 
the remainder. 


(low word DEST) 
- 
(DEST) I (SRC) 
(high word DEST) 
- 
(DEST) MOD (SRC) 
The above two statements 
are performed 
concurrently. 


DST 
SRC 
Ireg, 
waop 


ObJect Code 
Format: 
[ 
11111110 
1 [ 
100011aa 
1 [ 
waop 
1 [ 
Ireq 


Bytes: 
2 + BEA 
States: 
29 + CEA (26 + CEA on 80C196KB) 


Flags Affected 


Z 
N 
C 
V 
VT 
ST 
- - - 
? 
t - 
- - - 
J'" 
t 
- 


8096 


80C196KB 


Operation: 
This instruction 
divides the contents 
of the destination 
INTEGER 
operand 
by 


the contents 
of the source SHORT-INTEGER 
operand, 
using signed arithme- 


tic. The low order byte of the destination 
(Le. the byte with the lower address) 


will contain 
the quotient; 
the high order byte will contain 
the remainder. 


(low byte DEST) 
- 
(DEST) I (SRC) 
(high byte DEST) 
- 
(DEST) MOD (SRC) . 


The above two statements 
are performed 
concurrently. 


DST 
SRC 
wreg, 
baop 


Object Code Format: 
[ 
11111110 
1 [ 
100111aa 
1 [ 
baop 
1 [ 
wreg 


Bytes: 
2 + BEA 
States: 
21 + CEA (18 + CEA on 80C196KB) 


Flags Affected 


Z 
N 
C 
V 
VT 
ST 
- - - 
? 
t 
- 
- - - 
J'" 
t 
- 


8096 


80C196KB 


inter 


Operation: 
This instruction 
divides the content 
of the destination 
DOUBLE-WORD 
oper- 


and by the contents 
of the source WORD operand, 
using unsigned 
arithmetic. 


The low order word will contain the quotient; 
the high order WORD will contain 
the remainder. 


(low word DEST) 
.- 
(DEST) / (SRC) 
(high word DEST) 
.- 
(DEST) MOD (SRC) 
The above two statements 
are performed 
concurrently. 


DST 
Ireg, 
SRC 
waop 


Object Code Format: 
[ 
100011 aa 
1 [ 
waop 
1 [ 
Ireq 
1 


Bytes: 
2 + BEA 
States: 
25 + CEA (24 + CEA on 80C196KB) 


Operation: 
This instruction 
divides the contents 
of the destination 
WORD operand 
by the 


contents 
of the source 
BYTE 
operand, 
using 
unsigned 
arithmetic. 
The 
low 


order byte of the destination, 
(i.e., the byte with the lower address) 
will contain 


the quotient; 
the high order byte will contain 
the remainder. 


(low byte DEST) 
.- 
(DEST) / (SRC) 
(high byte DEST) 
.- 
(DEST) MOD (SRC) 
The above two statements 
are performed 
concurrently. 


DST 
wreg, 
SRC 
baop 


Object Code Format: 
[ 
100111 aa 
1 [ 
baop 
1 [ 
wreg 
1 


Bytes: 
2 + BEA 
States: 
17 + CEA (16 + CEA on 80C196KB) 


inter 


Operation: 
The value of the byte operand is decremented by 1. If the result is not equal to 
0, the distance from the end of this instruction to the target label is added to 
the program counter, effecting the jump. The offset from the end of this in- 
struction to the target label must be in the range of - 128 to + 127. If the 
result of the decrement is zero then control passes to the next sequential 
instruction. 
(COUNT) .- 
(COUNT) - 
1 
if (COUNT) < > 0 then 
PC .- 
PC + disp (sign-extended to 16 bits) 
end_if 


Bytes: 
States: 


3 
Jump Not Taken: 
5 
Jump Taken: 
9 


Operation: 
This instruction is the same as the DJNZ except that the count is a word 
operand. A counter word is decremented; if the result is not zero the jump is 
taken. The range of the jump is - 128 to + 127. 


COUNT .- 
COUNT .- 
- 
1 
if COUNT < > 0 then 
PC .- 
PC + disp (sign extended) 


Assembly 
Language 
Format: 
DJNZW wreg,cadd 


Object Code Format: 
[11100001 1 [wreg 1 [ disp 1 


Bytes: 
States: 


3 
jump not taken: 6 
jump taken: 10 


NOTE: 
1. The DJNZW is not supported on the current stepping of the 80C196KB. 


The instruction will not generate an unimplemented opcode interrupt. 


Operation: 
Interrupts 
are enabled following 
the execution 
of the next statement. 
Interrupt- 


calls cannot 
occur immediately 
following 
this instruction. 


Interrupt 
Enable 
(PSW.9) 
- 
1 


Object Code Format: 
[ 
11111011 


Bytes: 
1 
States: 
4 (2 on 80C196KB) 


Operation: 
The low order word of the operand 
is sign-extended 
throughout 
the high order 


word of the operand. 


if (low word DEST) < 8000H then 
(high word DEST) 
- 
0 
else 
(high word DEST) 
- 
OFFFFH 
end_if 


Object Code Format: 
[ 
00000110 
1 [ 
Ireg 
1 


Bytes: 
2 
States: 
4 


Operation: 
The low order byte of the operand is sign-extended throughout the high order 
byte of the operand. 
if (low byte DEST) < 80H then 
(high byte DEST) ~ 
0 
else 
(high byte DEST) ~ 
OFFH 
end_if 


ObjectCodeFormat: 
[ 
00010110 
1 [ 
wreg 
1 


Bytes: 
2 
States: 
4 


Operation: 
The value of the word operand is incremented by 1. 
(DEST) ~ 
(DEST) + 1 


Object Code Format: 
[ 
00000111 
1 [ 
wreg 
1 


Bytes: 
2 
States: 
4 (3 on 80C196KB) 


Operation: 
The value of the byte operand is incremented by 1. 
(DEST) +- (DEST) + 1 


Object Code Format: 
[ 
00010111 
1 [ 
breg 
1 


Bytes: 
2 
States: 
4 (3 on aOC196KB) 


Operation: 
This instruction is used for entry into the idle and powerdown modes. Select- 
ing IDLE or POWERDOWN is done using the key operand. If the operand is 
not a legal key, the part executes a reset sequence. The bus controller will 
complete any prefetch cycle in progress before the CPU stops or resets. 


if KEY = 1 then enter IDLE 
else if KEY = 2 then enter 
POWERDOWN 
else execute reset. 


Assembly 
Language 
Format: 
IDLPD # key (key is a-bit value) 


Object Code Format: 
[11110110 1 [ key 1 


Bytes: 
2 
States: 
legal key: a 
illegal key: 25 


Flags Affected 


Z 
N 
V 
VT 
C 
x 
I 
ST 
- - - - - 
X - - 
0 
0 
0 
0 
0 
X 
0 
0 
Legal Key: 
Illegal Key: 


Operation: 
The specified 
bit is tested. 
If it is clear (Le., 0), the distance 
from the end of this 


instruction 
to the target 
label is added to the program 
counter, 
effecting 
the 


jump. The offset from the end of this instruction 
to the target 
label must be in 


the range of -128 
to + 127. If the bit is set (Le., 1), control 
passes to the next 


sequential 
instruction. 


if (specified 
bit) = 0 then 
PC +- PC + disp (sign-extened 
to 16 bits) 


Object Code Format: 
[ 
00110bbb 
1 [ 
breg 
1 [ 
disp 
1 
where 
bbb is the bit number within the specified 
register. 


Bytes: 
States: 


3 
Jump Not Taken: 
5 
Jump Taken: 
9 


Operation: 
The specified bit is tested. If it is set (i.e., 1), the distance from the end of this 
instruction to the target label is added to the program counter, effecting the 
jump. The offset from the end of this instruction to the target label must be in 
the range of -128 
to + 127. If the bit is clear (i.e., 0), control passes to the 


next sequential instruction. 
if (specified bit) = 1 then 
PC +- PC + disp (sign-extended to 16 bits) 


Object Code Format: 
[ 
00111bbb I[ breg I[ disp I 
where bbb is the bit number within the specified register. 


Bytes: 
States: 


3 
Jump Not Taken: 
5 
Jump Taken: 
9 


Operation: 
If the carry flag is set (i.e., 1), the distance from the end of this instruction to 
the target label is added to the program counter, effecting the jump. The offset 
from the end of this instruction to the target label must be in the range of 
-128 
to + 127. If the carry flag is clear (i.e., 0), control passes to the next 


sequential instruction. 
if C = 1 then 
PC +- PC + disp (sign-extended to 16 bits) 


Bytes: 
States: 
2 
Jump Not Taken: 
4 
Jump Taken: 
8 


intJ 


Operation: 
If the zero flag is set (i.e., 1), the distance from the end of this instruction to the 
target label is added to the program counter, effecting the jump. The offset 
from the end of this instruction to the target label must be in the range of 
-128 to + 127. If the zero flag is clear (Le., 0), control passes to the next 
sequential instruction. 
if Z = 1 then 
PC - 
PC + disp (sign-extended to 16 bits) 


Bytes: 
States: 


2 
Jump Not Taken: 
4 
Jump Taken: 
8 


Operation: 
If the negative flag is clear (Le.,0), the distance from the end of this instruction 
to the target label is added to the program counter, effecting the jump. The 
offset from the end of this instruction to the target label must be in the range 
of -128 to + 127. If the negative flag is set (Le., 1),control passes to the next 
sequential instruction. 
if N = 1 then 
PC - 
PC + disp (sign-extended to 16 bits) 


Bytes: 
States: 


2 
Jump Not Taken: 
4 
Jump Taken: 
8 


inter 


Operation: 
If both the negative 
flag and the zero flag are clear (Le., 0), the distance 
from 


the end of this instruction 
to the target 
label is added to the program 
counter, 


effecting 
the jump. 
The offset 
from 
the end of this instruction 
to the target 


label must be in the range of - 128 to + 127. If either the negative 
flag or the 


zero flag are set (Le., 1,) control 
passes to the next sequential 
instruction. 


if N = 0 AND Z = 0 then 
PC 
..- 
PC + disp (sign-extended 
to 16 bits) 


Bytes: 
States: 
2 
Jump Not Taken: 
4 
Jump Taken: 
8 


Operation: 
If the carry flag is set (Le., 1), but the zero flag is not, the distance 
from the end 


of this instruction 
to the target label is added to the program 
counter, 
effecting 


the jump. The offset from the end of this instruction 
to the target label must be 


in the range of -128 
to + 127. If either the carry flag is clear or the zero flag is 


set, control 
passes 
to the next sequential 
instruction. 


if C = 1 AND Z = 0 then 
PC 
..- 
PC + disp (sign-extended 
to 16 bits) 


Bytes: 
States: 


2 
Jump Not Taken: 
4 
Jump Taken: 
8 


inter 


Operation: 
If either the negative flag or the zero flag are set (Le., 1), the distance from the 
end of this instruction to the target label is added to the program counter, 
effecting the jump. The offset from the end of this instruction to the target 
label must be in the range of -128 to + 127.If both the negative flag and the 
zero flag are clear (Le., 0), control passes to the next sequential instruction. 
if N = 1 OR Z = 1 then 
PC - 
PC + disp (sign-extended to 16 bits) 


Bytes: 
States: 


2 


Jump Not Taken: 
4 


Jump Taken: 
8 


Operation: 
If the negative flag is set (Le., 1), the distance from the end of this instruction 
to the target label is added to the program counter, effecting the jump. The 
offset from the end of this instruction to the target label must be in the range 
of -128 to + 127. If the negative flag is clear (Le., 0), control passes to the 
next sequential instruction. 
if N = 1 then 


PC - 
PC + disp (sign-extended to 16 bits) 


Bytes: 
States: 


2 


Jump Not Taken: 
4 
Jump Taken: 
8 


Operation: 
If the carry flag is clear (Le.,0), the distance from the end of this instruction to 
the target label is added to the program counter, effecting the jump. The offset 
from the end of this instruction to the target label must be in the range of 
-128 
to +127. If the carry flag is set (Le., 1), control passes to the next 


sequential instruction. 
if C = 0 then 
PC - 
PC + disp (sign-extended to 16 bits) 


Bytes: 
States: 


2 
Jump Not Taken: 
4 
Jump Taken: 
8 


Operation: 
If the zero flag is clear (Le.,0), the distance from the end of this instruction to 
the target label is added to the program counter, effecting the jump. The offset 
from the end of this instruction to the target label must be in the range of 
-128 
to + 127. If the zero flag is set (Le., 1), control passes to the next 
sequential instruction. 
if Z = 0 thtln 
PC - 
PC + disp (sign-extended to 16 bits) 


Bytes: 
States: 


2 


Jump Not Taken: 
4 
Jump Taken: 
8 


intJ 


Operation: 
If either the carry flag is clear (Le., 0), or the zero flag is set (Le., 1), the 
distance from the end of this instruction to the target label is added to program 
counter, effecting the jump. The offset from the end of this instruction to the 
target label must be in the range of -128 to + 127.If the carry flag is set (Le., 
1) and the zero flag is not, control passes to the next sequential instruction. 
if C = 0 OR Z = 1 then 
PC +- PC + disp (sign-extended to 16 bits) 


Bytes: 
States: 


2 
Jump Not Taken: 
4 
Jump Taken: 
8 


Operation: 
If the sticky bit flag is clear (Le.,0), the distance from the end of this instruction 
to the target label is added to the program counter, effecting the jump. The 
offset from the end of this instruction to the target label must be in the range 
of -128 to + 127.If the sticky bit flag is set (Le.,1),control passes to the next 
sequential instruction. 
if ST = 0 then 
PC +- PC + disp (sign-extended to 16 bits) 


Bytes: 
States: 
2 
Jump Not Taken: 
4 
Jump Taken: 
8 


inter 


Operation: 
If the overflow flag is clear (Le.,0), the distance from the end of this instruction 
to the target label is added to the program counter, effecting the jump. The 
offset from the end of this instruction to the target label must be in the range 
of -128 
to + 127. If the overflow flag is set (Le., 1), control passes to next 


sequential instruction. 
if V = 0 then 
PC +- PC + disp (sign-extended to 16 bits) 


Bytes: 
States: 


2 
Jump Not Taken: 
4 
Jump Taken: 
8 


Operation: 
If the overflow trap flag is clear (Le., 0), the distance from the end of this 
instruction to the target label is added to the program counter, effecting the 
jump. The offset from the end of this instruction to the target label must be in 
the range of -128 
to + 127. If the overflow trap flag is set (Le., 1), control 


passes to the next sequential instruction. The VT flag is cleared. 
if VT = 0 then 
PC +- PC + disp (sign-extended to 16 bits) 


Bytes: 
States: 
2 


Jump Not Taken: 
4 
Jumps Taken: 
8 


Operation: 
If the sticky bit flag is set (Le., 1), the distance from the end of this instruction 
to the target label is added to the program counter, effecting the jump. The 
offset from the end of this instruction to the target label must be in the range 
of -128 
to + 127. If the sticky bit flag is clear (Le., 0), control passes to the 


next sequential instruction. 
if ST = 1 then 


PC - 
PC + disp (sign-extended to 16 bits) 


Object Code Format: 
[ 
11011000 
1 [ 
disp 
1 


Bytes: 
2 
State: 
Jump Not Taken: 
4 
Jump Taken: 
8 


Operation: 
If the overflow is set (Le., 1), the distance from the end of this instruction to the 
target label is added to the program counter, effecting the jump. The offset 
from the end of this instruction to the target label must be in the range of 
-128 to + 127. If the overflow flag is clear (Le.,0), control passes to the next 
sequential instruction. 
ifV=1then 


PC - 
PC + disp (sign-extended to 16 bits) 


Bytes: 
States: 
2 
Jump Not Taken: 
4 
Jump Taken: 
8 


inter 


Operation: 
If the overflow trap flag is set (Le., 1), the distance from the end of this instruc- 
tion to the target label is added to the program counter, effecting the jump. 
The offset from the end of this instruction to the target label must be in the 
range of -128 
to + 127. If the overflow trap flag is clear (Le., 0), control 


passes to the next sequential instruction. The VT flag is cleared. 
if VT = 1 then 
PC +- PC + disp (sign-extended to 16 bits) 


Bytes: 
States: 
2 
Jump Not Taken: 
4 
Jump Taken: 
8 


Operation: 
The contents of the program counter (the return address) is pushed onto the 
stack. Then the distance from the end of this instruction to the target label is 
added to the program counter, effecting the call. The operand may be any 
address in the entire address space. 
SP +- SP - 
2 
(SP) +- PC 
PC +- PC + disp 


Bytes: 
States: 
Onchip stack: 
Offchip stack: 


3 
13 (11 on 80C196KB) 
16 (13 on 80C196KB) 


Operation: 
The value of the source (rightmost) 
word operand 
is stored into the destination 


(leftmost) 
operand. 


(DEST) +- (SRC) 


DST 
SRC 
wreg, 
waop 


Object Code Format: 
[ 
101000aa 
1 [ 
waop 
1 [ 
wreg 
1 


Bytes: 
2 + BEA 
States: 
4 + CEA 


Operation: 
The value of the source 
(rightmost) 
byte operand 
is stored into the destination 


(leftmost) 
operand. 


(DEST) +- (SRC) 


DST 
SRC 
breg, 
baop 


Object Code Format: 
[ 
1011 OOaa 
1 [ 
baop 
1 [ 
breg 
1 


Bytes: 
2 + BEA 
States: 
4 + CEA 


inter 


Operation: 
The value of the source 
(rightmost) 
byte operand 
is sign-extended 
and stored 
into the destination 
(leftmost) 
word operand. 


(low byte DEST) +- 
(SAC) 
if (SAC) < 80H then 
(high byte DEST) +- 
0 
else 
(high byte DEST) +- 
OFFH 
end_if 


Assembly 
Language 
Format: 
DST 
SAC 
LDBSE 
wreg. 
baop 


Object Code Format: 
[ 
101111 aa I[ baop I[ wreg I 


Bytes: 
2 + BEA 
States: 
4 + CEA 


Operation: 
The value of the source 
(rightmost) 
byte operand 
is zero-extended 
and stored 
into the destination 
(leftmost) 
word operand. 


(low byte DEST) +- (SAC) 
(high byte DEST) +- 0 


Assembly 
Language 
Format: 
DST 
SAC 
LDBZE 
wreg. 
baop 


Object Code Format: 
[ 
101011 aa I[ baop I[ wreg I 


Bytes: 
2 + BEA 
States: 
4 + CEA 


inter 


Operation: 
The distance 
from the end of this instruction 
to the target label is added to the 


program 
counter, 
effecting 
the jump. The operand 
may be any address 
in the 


entire address 
space. 


PC +- PC + disp 


Object Code Format: 
[ 
11100111 
1 [ 
disp-Iow 
1 [ 
disp-hi 
1 


Bytes: 
3 
States: 
8 (7 on 80C196KB) 


Operation: 
The two INTEGER 
operands 
are multiplied 
using signed arithmetic 
and the 32- 


bit result 
is stored 
into the destination 
(leftmost) 
LONG-INTEGER 
operand. 


The sticky bit flag is undefined 
after the instruction 
is executed. 


(DEST) +- (DEST) 
• (SRC) 


DST 
SRC 
Ireg, 
waop 


Object Code Format: 
[ 
11111110 
1 [ 
011011aa 
1 [ 
waop 
1 [ 
Ireg 


Bytes: 
3 + BEA 
States 
29 + CEA (16 + CEA on 80C196KB) 


inter 


Operation: 
The second 
and third INTEGER 
operands 
are multiplied 
using signed arithme- 


tic and the 32-bit result is stored 
into the destination 
(leftmost) 
LONG 
INTE- 


GER operand. 
The sticky bit flag is undefined 
after the instruction 
is executed. 


(DEST) 
- 
(SRC1)· 
(SRC2) 


DST 
SRC1 
Ireg, 
wreg, 
SRC2 
waop 


Object Code Format: 
[ 
11111110 
I[ 010011aa 
I[ waop I[ wreg 
] [ 
Ireg 
] 


Bytes: 
4 + BEA 
States: 
30 + CEA (16 + CEA on 80C196KB) 


Operation: 
The two SHORT-INTEGER 
operands 
are multiplied 
using 
signed 
arithmetic 


and the 16-bit result is stored 
into the destination 
(leftmost) 
INTEGER 
oper- 


and. The sticky bit flag is undefined 
after the instruction 
is executed. 


(DEST) 
- 
(DEST)· 
(SRC) 


DST 
wreg, 


SRC 
baop 


ObJect Code 
Format: 
[ 
11111110 
] [ 
011111aa 
I [ 
baop 
] [ 
wreg 


Bytes: 
3 + BEA 
States: 
21 + CEA (12 + CEA on 80C196KB) 


Z 
ST 


? 


inter 


Operation: 
The second 
and third SHORT-INTEGER 
operands 
are multiplied 
using signed 


arithmetic 
and the 16-bit result is stored 
into the destination 
(leftmost) 
INTE- 


GER operand. 
The sticky bit flag is undefined 
after the instruction 
is executed. 


(DEST) 
+- 
(SRC1) 
• (SRC2) 


Assembly 
Language 
Format: 
MULB 
DST 
wreg, 
SRC1 
breg 
SRC2 
baop 


ObJect Code 
Format: 
[ 
11111110 
l[ 010111aa 
l[ baop l[ breg l[ wreg l 


Bytes: 
4 + BEA 
States: 
22 + CEA (12 + CEA on 80C196KB) 


Operation: 
The two WORD operands 
are multiplied 
using unsigned 
arithmetic 
and the 32- 


bit result 
is stored 
into the destination 
(leftmost) 
DOUBLE-WORD 
operand. 


The sticky bit flag is undefined 
after the instruction 
is executed. 


(DEST) +- (DEST)· 
(SRC) 


DST 
SRC 
Ireg, 
waop 


Object Code Format: 
[ 
011011 aa l[ waop l[ Ireg l 


Bytes: 
2 + SEA 
States: 
25 + CEA (14 + CEA on 80C196KB) 


inter 


Operation: 
The second 
and third WORD operands 
are multiplied 
using unsigned 
arithme- 


tic and the 
32-bit 
result 
is stored 
into the 
destination 
(leftmost) 
DOUBLE- 


WORD operand. 
The sticky bit flag is undefined 
after the instruction 
is execut- 


ed. 


(DESn 
•..•• (SRC1)' 
(SRC2) 


DST 
SRC1 
Ireg, 
wreg, 
SRC2 
waop 


Object Code Format: 
[ 
010011aa 
1 [ 
waop 
1 [ 
wreg 
1 [ 
Ireg 


Bytes: 
3 + BEA 
States: 
26 + CEA (14 + CEA on 80C196KB) 


Operation: 
The 
two 
BYTE 
operands 
are multiplied 
using 
unsigned 
arithmetic 
and 
the 


WORD 
result 
is stored 
into the destination 
(leftmost) 
operand. 
The sticky 
bit 


flag is undefined 
after the instruction 
is executed. 


(DEST) 
•..•• (DEST) 
• (SRC) 


Assembly 
Language 
Format: 
DST 
SRC 
MULUB 
wreg, 
baop 


Object Code Format: 
[ 
011111 aa 
1 [ 
baop 
1 [ 
wreg 
1 


Bytes: 
2 + BEA 
States: 
17 + CEA (10 + CEA on 80C196KB) 


inter 


Operation: 
The second 
and third BYTE operands 
are multiplied 
using unsigned 
arithmetic 
and the WORD 
result 
is stored 
into the destination 
(leftmost) 
operand. 
The 
sticky bit flag is undefined 
after the instruction 
is executed. 


(DEST) 
~ 
(SRC1) 
• (SRC2) 


Assembly 
Language 
Format: 
DST 
MULUB 
wreg, 
SRC1 
breg, 


SRC2 
baop 


Object Code Format: 
[ 
010111 aa I[ 
baop 
I[ breg 
I[ wreg 


Bytes: 
3 + BEA 
States: 
18 + CEA (12 + CEA on 80C196KB) 


Operation: 
The value of the INTEGER 
operand 
is negated. 


(DEST) 
~ 
- (DEST) 


Object Code Format: 
[ 
00000011 
I[ wreg 
I 


Bytes: 
2 
States: 
4 (3 on 80C196KB) 


inter 


Operation: 
The value of the SHORT-INTEGER operand is negated. 
(DEST) +- - (DEST) 


Object Code Format: 
[ 
00010011 
1 [ 
breg 
1 


Bytes: 
2 
States: 
4 (3 on 80C196KB) 


Bytes: 
1 
States: 
4 (2 on 80C196KB) 


Operation: 
The LONG-INTEGER 
operand 
is normalized; 
i.e., it is shifted to the left until its 
most significant 
bit is 1. If the most significant 
bit is still 0 after 31 shifts, the 
process 
stops and the zero flag is set. The number of shifts actually 
performed 
is stored 
in the second 
operand. 


(COUNT) 
+- 
0 
do while (MSB(DEST) 
= 0) AND ((COUNT) 
< 31) 
(DEST) +- (DEST)· 
2 
(COUNT) 
+- (COUNT) + 1 
end_while 


Object Code Format: 
[ 
00001111 
1 [ 
breg 
1 [ 
Ireg 
1 


Bytes: 
3 
States: 
11 + No. of shifts performed 


Operation: 
The value of the WORD operand 
is complemented: 
each 1 is replaced 
with a 
0, and each 0 with a 1. 


(DEST) +- 
NOT (DEST) 


Object Code Format: 
[ 
00000010 
1 [ 
wreg 
1 


Bytes 
2 
States: 
4 (3 on 80C196KB) 


intJ 


Operation: 
The vaule of the BYTE operand is complemented: each 1 is replaced with a 0, 
and each 0 with a 1. 


(DEST) - 
NOT (DEST) 


Object Code Format: 
[ 
00010010 
1 [ 
breg 
1 


Bytes: 
2 
States: 
4 (3 on 80C196KB) 


Operation: 
The source (rightmost) WORD is ORed with the destination (leftmost) WORD 
operand. Each bit is set to 1 if the corresponding bit in either the source 
operand or the destination operand is 1. The result replaces the original desti- 
nation operand. 


(DEST) - 
(DEST) OR (SRC) 


DST 
SRC 
wreg, 
waop 


Object Code Format: 
[ 
100000aa 
1 [waop 
1 [ 
wreg 
1 


Bytes: 
2 + BEA 
States: 
4 + CEA 


inter 


Operation: 
The source 
(rightmost) 
BYTE operand 
is ORed with the destination 
(leftmost) 


BYTE operand. 
Each bit is set to 1 if the corresponding 
bit in either the source 


operand 
or the destination 
operand 
was 
1. The 
result 
replaces 
the original 


destination 
operand. 


(DEST) 
+- 
(DEST) OR (SRC) 


Object Code Format: 
[ 
100100aa 
1 [ 
baop 
1 [ 
breg 
1 


Bytes: 
2 + BEA 
States: 
4 + CEA 


Operation: 
The word on top of the stack is popped 
and placed at the destination 
operand. 


(DEST) +- (SP) 
SP +- SP + 2 


Object Code Format: 
[ 
110011 aa 
1 [ 
waop 


Bytes 
States: 
Onchip Stack: 
Offchip 
Stack: 


1 + BEA 
12 + CEA (8 + CEA on 80C196KB) 
14 + CEA (11 + CEA on 80C196KB) 


Operation: 
This instruction 
is used instead 
of POPF to support 
the 8 additional 
interrupts. 


It is similar 
to POPF, but pops two words 
instead 
of one. The first word 
is 
popped 
into the INT_MASK1/WSR 
register 
pair, while 
the second 
word 
is 


popped 
into the PSW/INT_MASK 
register 
pair. As a result of this instruction 
the SP is incremented 
by 4. Interrupts 
cannot 
occur 
between 
this instruction 


and the one following 
it. 


INT_MASK1/WSR 
+- (SP) 
SP +- SP + 2 
PSW/INT_MASK 
+- (SP) 
SP +- SP + 2 


Assembly 
Language 
Format: 
POPA 


Object Code Format: 
[11110101 
I 


Bytes: 
States: 
1 
Onchip 
Stack: 
12 
Offchip 
Stack: 
18 


Operation: 
The word on top of the stack is popped 
and placed in the PSW. Interrupt 
calls 


cannot 
occur 
immediately 
following 
this instruction. 


(PSW) +- (SP) 
SP +- SP + 2 


Object Code Format: 
[ 
11110011 


Bytes: 
States: 
Onchip Stack: 
Offchip 
Stack: 


1 
9 (7 on BOC196KB) 
13 (10 on BOC196KB) 


inter 


Operation: 
The specified operand is pushed onto the stack. 
SP-SP-2 
(SP) - 
(DEST) 


Object Code Format: 
[ 
11001Oaa I[ waop 


Bytes: 
States: 
Onchip Stack: 
Offchip Stack: 


1 + BEA 
8 + CEA (6 + CEA on 80C196KB) 
12 + CEA (8 + CEA on 80C196KB) 


Operation: 
This instruction is used instead of PUSHF to support the 8 additional inter- 
rupts. It is similar to PUSHF, but pushes two words instead of one. The first 
word pushed is the same as for the PUSHF instruction, PSW/INT_MASK. 
The second word pushed is formed by the INT_MASK1/WSR 
register pair. 


As a result of this instruction the PSW, tNT_MASK, and INT_MASK1 regis- 
ters are cleared, and the SP is decremented by 4. Interrupts are disabled in 
two ways by this instruction since both PSW.9 and the interrupt masks are 
cleared. Interrupts cannot occur between this instruction and the one following 
it. 


SP - 
SP - 
2 
(SP) - 
PSW/INT_MASK 
PSW/INT_MASK 
- 
0 
SP - 
SP - 
2 
(SP) - 
INT_MASK1/WSR 
INT_MASK1 
- 
0 


Assembly 
Language 
Format: 
PUSHA 


Object Code Format: 
[11110100 I 


Bytes: 
States: 
1 
Onchip Stack: 12 
Offchip Stack: 18 


Operation: 
The PSW is pushed on top of the stack, and then set to all zeroes. This implies 
that all interrupts 
are disabled. 
Interrupt-calls 
cannot occur immediately 
follow- 


ing this instruction. 


SP 
- 
SP - 
2 
(SP) 
- 
PSW 
PSW 
- 
0 


Object Code Format: 
[ 
11110010 


Bytes: 
States: 
Onchip Stack: 
Offchip 
Stack: 


1 
8 (6 on 80C196KB) 
12 (8 on 80C196KB) 


Operation: 
The PC is popped 
off the top of the stack. 


PC - 
(SP) 
SP 
- 
SP + 2 


Object Code Format: 
[ 
11110000 


Bytes: 
States: 
Onchip Stack: 
Offchip 
Stack: 


1 
12 (11 on 80C196KB) 
16 (14 on 80C196KB) 


Operation: 
The PSW is initialized to zero, and the PC is initialized to 2080H. The 110 
registers are set to their initial value. Executing this instruction will cause a 
pulse to appear on the reset pin of the 8096. 


PSW - 
0 
PC - 
2080H 


Object Code Format: 
[ 
11111111 


Bytes: 
1 
States: 
16 (15 on 80C196KB) 


Z 
ST 
o 
0 


Operation: 
The contents of the program counter (the return address) is pushed onto the 
stack. Then the distance from the end of this instruction to the target label is 
added to the program counter, effecting the call. The offset from the end of 
this instruction to the target label must be in the range of -1024 
to + 1023 
inclusive. 


SP - 
SP - 
2 
(SP) - 
PC 
PC - 
PC + disp (sign-extended to 16 bits) 


Object Code Format: 
[ 
00101xxx I[ disp-Iow I 
where xxx holds the three high-order bits of displacement. 


Bytes: 
States 
Onchip Stack: 
Offchip Stack: 


2 
13 (11 on 80C196KB) 
16 (13 on 80C196KB) 


inter 


Operation: 
The carry flag is set. 
C-1 


Object Code Format: 
[ 
11111001 


Bytes: 
1 
States: 
4 (2 on BOC196KB) 


Operation: 
The destination 
(leftmost) 
word operand 
is shifted 
left as many times as speci- 


fied by the count (rightmost) 
operand. 
The count may be specified 
either as an 


immediate 
value in the range of 0 to 15 (OFH) inclusive, 
or as the content 
of 


any register. 
Details on indirect 
shifts can be found in the Overview. 
The right 


bits of the result are filled with zeroes. 
The last bit shifted 
out is saved in the 
carry flag. 


Temp 
- 
(COUNT) 
do while Temp < > 0 
C - 
High order bit of (DEST) 


(DEST) 
- 
(DEST)' 
2 


Temp 
- 
Temp - 
1 


end_while 


00001001 
1 [ 
cntlbreg 
1 [ 
wreg 
1 


Bytes: 
3 
States: 
7 + No. of shifts performed 
(6 + No. on BOC196KB) 


note: 0 place shifts take B states. 
(7 on BOC196KB) 


inter 


Operation: 
The destination 
(leftmost) 
byte operand 
is shifted 
left as many times as speci- 


fied by the count (rightmost) 
operand. 
The count may be specified 
either as an 


immediate 
value in the range of 0 to 15 (OFH) inclusive, 
or as the content 
of 


any register. 
Details on indirect 
shifts can be found in the Overview. 
The right 


bits of the result are filled with zeroes. 
The last bit shifted 
out is saved in the 


carry flag. 


Temp 
- 
(COUNT) 
do while Temp < > 0 
C - 
High order bit of (DEST) 
(DEST) 
- 
(DEST) 
• 2 
TEMP 
- 
Temp 
- 
1 


encl-while 


00011001 
J [ 
cntlbreg 
J [ 
breg 
J 


Bytes 
3 
States: 
7 + No. of shifts performed 
(6 + No. on 80C196KB) 
note: 0 place shifts take 8 states. 
(7 on 80C196KB) 


inter 


Operation: 
The destination (leftmost) double-word operand is shifted left as many times 
as specified by the count (rightmost) operand. The count may be specified 
either as an immediate value in the range of 0 to 15 (OFH)inclusive, or as the 
content of any register. Details on indirect shifts can be found in the Overview. 
The right bits of the result are filled with zeroes. The last bit shifted out is 
saved in the carry flag. 
Temp +- (COUNT) 
do while Temp < > 0 
C +- High order bit of (DEST) 
(DEST) +- (DEST)· 2 
Temp +- Temp - 
1 
end_while 


00001101 
1 [ 
cntlbreg 
1 [ 
Ireg 


Bytes: 
3 
States: 
7 + No. of shifts performed 
note: 0 place shifts take 8 states. 


Operation: 
The 
destination 
(leftmost) 
word 
operand 
is shifted 
right as many 
times 
as 


specified 
by the count (rightmost) 
operand. 
The count may be specified 
either 


as an immediate 
value 
in the 
range 
of 0 to 
15 (OFH) 
inclusive, 
or as the 


content 
of any register. 
Details on indirect shifts can be found in the Overview. 


The left bits of the result are filled with zeroes. The last bit shifted out is saved 
to the carry. The sticky 
bit flag is cleared 
at the beginning 
of the instruction, 


and set if at any time during the shift a 1 is shifted first into the carry flag, and a 
further 
shift cycle occurs. 


Temp 
- 
(COUNT) 


do while Temp < > 0 
C - 
Low order bit of (DEST) 


(DEST) 
- 
(DEST) / 2 where 
/ is unsigned 
division 
Temp 
- 
Temp 
- 
1 


enLwhile 


00001000 
1 [ 
cnt/breg 
1 [ 
wreg 
1 


Bytes: 
3 
States: 
7 + No. of shifts performed 
(6 + No. on 80C196KB) 
note: 0 place shifts take 8 states. 
(7 on 80C196KB) 


Operation: 
The destination (leftmost) word operand is shifted right as many times as 
specified by the count (rightmost) operand. The count may be specified either 
as an immediate value in the range of 0 to 15 (OFH) 
inclusive, or as the 


content of any register. Details on indirect shifts can be found in the Overview. 
If the original high order bit value was 0, zeroes are shifted in. If the value was 
1, ones are shifted in. The last bit shifted out is saved in the carry. The sticky 
bit flag is cleared at the beginning of the instruction, and set if at any time 
during the shift a 1 is shifted first into the carry flag, and a further shift cycle 
occurs. 
Temp +- (COUNT) 
do while Temp < > 0 
C +- Low order bit of (DEST) 
(DEST) +- (DEST) / 2 where / is signed division 
Temp +- Temp - 
1 
end_while 


SHRA 


SHRA 


00001010 
1 [ 
cntlbreg 
1 [ 
wreg 
1 


Bytes: 
3 
States: 
7 + No. of shifts performed (6 + No. on 80C196KB) 
note: 0 place shifts take 8 states. (7 on 80C196KB) 


inter 


Operation: 
The destination 
(leftmost) 
byte operand 
is shifted right as many times as spec- 
ified by the count 
(rightmost) 
operand. 
The count 
may be specified 
either as 


an immediate 
value in the range of 0 to 15 (OFH) inclusive, 
or as the content 
of 


any register. 
Details 
on indirect 
shifts 
can be found 
in the Overview. 
If the 


original 
high order bit value was 0, zeroes 
are shifted 
in. If that value was 1, 


ones are shifted 
in. The last bit shifted out is saved in the carry. The sticky bit 


flag is cleared 
at the beginning 
of the instruction, 
and set if at any time during 


the shift a 1 is shifted first into the carry flag, and a further 
shift cycle occurs. 


Temp 
+- (COUNT) 
do while Temp < > 0 
C, = Low order bit of (DEST) 
(DEST) +- (DEST) / 2 where 
/ is signed division 
Temp 
+- Temp 
- 
1 
end_while 


00011010 
I[ cnt/breg 
I[ breg I 


Bytes: 
3 


States: 
7 + No. of shifts performed 
(6 + No. on 80C196KB) 


note: 0 place shifts take 8 states. 
(7 on 80C196KB) 


Operation: 
The destination 
(leftmost) 
double-word 
operand 
is shifted 
right as many times 


as specified 
by the count 
(rightmost) 
operand. 
The count 
may be specified 


either as an immediate 
value in the range of 0 to 15 (OFH) inclusive, 
or as the 


content 
of any register. 
Details on indirect shifts can be found in the Overview. 


If the original high order bit value was 0, zeroes are shifted 
in. If the value was 
1, ones are shifted 
in. The sticky bit is cleared 
at the beginning 
of the instruc- 


tion, and set if at any time during the shift a 1 is shifted first into the carry flag, 
and a further 
shift cycle occurs. 


Temp 
+- (COUNT) 
do while Temp < > 0 
C +- 
Low order bit of (DEST) 
(DEST) +- (DEST) / 2 where 
/ is signed division 
Temp 
+- Temp 
- 
1 
end_while 


SHRAL 


SHRAL 


00001110 
I[ cntlbreg 
I[ 
Ireg 


Bytes: 
3 
States: 
7 + No. of shifts performed 
note: 0 place shifts take 8 states. 


inter 


Operation: 
The destination 
(leftmost) 
byte operand 
is shifted right as many times as spec- 


ified by the count 
(rightmost) 
operand. 
The count 
may be specified 
either as 
an immediate 
value in the range of 0 to 15 (OFH) inclusive, 
or as the content 
of 
any register. 
Details on indirect 
shifts can be found 
in the Overview. 
The left 


bits of the result are filled with zeroes. 
The last bit shifted 
out is saved in the 
carry. The sticky bit flag is cleared 
at the beginning 
of the instruction, 
and set if 
at any time during the shift a 1 is shifted first into the carry flag, and a further 
shift cycle occurs. 


Temp +- 
(COUNT) 
do while Temp < > 0 
C +- Low order bit of (DEST) 
(DEST) +- (DEST) / 2 where 
/ is unsigned 
division 
Temp 
+- Temp 
- 
1 
end_while 


SHRB 


SHRB 


00011000 
1 [ 
cntlbreg 
1 [ 
breg 
1 


Bytes: 
3 
States: 
7 + No. of shifts performed 
(6 + No. on 80C196KB) 
note: 0 place shifts take 8 states. 
(7 on 80C196KB) 


inter 


Operation: 
The destination 
(leftmost) 
double-word 
operand 
is shifted 
right as many times 


as specified 
by the count 
(rightmost) 
operand. 
The count 
may be specified 


either as an immediate 
value in the range of 0 to 15 (OFH) inclusive, 
or as the 


content 
of any register. 
Details on indirect shifts can be found in the Overview. 


The left bits of the result are filled with zeroes. The last bit shifted out is saved 
in the carry. The sticky bit flag is cleared 
at the beginning 
of the instruction, 


and set if at any time during the shift a 1 is shifted first into the carry flag, and a 
further 
shift cycle occurs. 


Temp 
+- (COUNT) 
do while Temp < > 0 
C +- 
Low order bit of (DEST) 
(DSET) +- (DEST) / 2 where 
/ is unsigned 
division 
Temp 
+- Temp 
- 
1 


end_while 


00001100 
1 [ 
cntlbreg 
1 [ 
Ireg 


Bytes: 
3 
States: 
7 + No. of shifts performed 
note: 0 place shifts take 8 states. 


inter 


Operation: 
The distance from the end of this instruction to the target label is added to the 
program counter, effecting the jump. The offset from the end of this instruction 
to the label must be in the range of - 1024 to + 1023 inclusive. 
PC +- PC + disp (sign-extended to 16 bits) 


Object Code Format: 
[ 
00100xxx I[ disp-Iow I 
where xxx holds the three high order bits of the displacement. 


Bytes: 
2 
States: 
8 (7 on 80C196KB) 


Operation: 
Nothing is done. This is actually a two-byte NOP where the second byte can 
be any value, and is simply ignored. Control passes to the next sequential 
instruction. 


Object Code Format: 
[ 
00000000 I[ breg I 


Bytes: 
2 
States: 
4 (3 on 80C196KB) 


Operation: 
The value of the leftmost word operand is stored into the rightmost operand. 


(DEST) - 
(SRC) 


SRC 
DST 
wreg, 
waop 


Object Code Format: 
[ 
110000aa I[ waop I[ wreg I 


Bytes: 
2 + BEA 
States: 
4 + CEA 


Operation: 
The value of the leftmost byte operand is stored into the rightmost operand. 


(DEST) - 
(SRC) 


Assembly 
Language 
Format: 
STB 
SRC 
DST 
breg, 
baop 


Object Code Format: 
[ 
110001aa I[ baop I[ breg I 


Bytes: 
2 + BEA 
States: 
4 + CEA 


inter 


Operation: 
The source 
(rightmost) 
word operand 
is subtracted 
from the destination 
(left- 


most) word operand, 
and the result is stored 
in the destination. 
The carry flag 


is set as complement 
of borrow. 


(DEST) 
.- 
(DEST) - 
(SRC) 


Assembly 
Language 
Format: 
SUB 
DST 
SRC 
wreg, 
waop 


Object Code Format: 
[ 
01101 Oaa 
1 [ 
waop 
1 [ 
wreg 
1 


Bytes: 
2 + BEA 
States: 
4 + CEA 


Operation: 
The 
source 
(rightmost) 
word 
operand 
is subtracted 
from 
the 
second 
word 


operand, 
and the result is stored in the destination 
(the leftmost 
operand). 
The 


carry flag is set as complement 
of borrow. 


(DEST) 
.- 
(SRC1) - 
(SRC2) 


Assembly 
Language 
Format: 
SUB 
DST 
SRC1 
wreg, 
wreg, 
SRC2, 
waop 


Object Code Format: 
[ 
01001 Oaa 
1 [ 
waop 
1 [ 
Sweg 
1 [ 
Dwreg 
1 


Bytes: 
3 + BEA 
States: 
5 + CEA 


Operation: 
The source (rightmost) byte is subtracted from the destination (leftmost) byte 
operand, and the result is stored in the destination. The carry flag is set as 
complement of borrow. 
(DEST) +- (DEST) - 
(SAC) 


Assembly 
Language 
Format: 
SUBB 
DST 
breg, 


SAC 
baop 


Object Code Format: 
[ 
o1111oaa I[ baop I[ breg I 


Bytes: 
2 + BEA 
States 
4 + CEA 


Operation: 
The source (rightmost) byte operand is subtracted from the second byte oper- 
and, and the result is stored in the destination (the leftmost operand). The 
carry flag is set as complement of borrow. 
(DEST) +- (SAC1) - 
(SAC2) 


DST 
SAC1 
SAC2 
breg, 
Sbreg 
baop 


Object Code Format: 
[ 
01011oaa I[ baop I[ Sbreg I[ Dbreg I 


Bytes: 
3 + BEA 
States: 
5 + CEA 


Operation: 
The source 
(rightmost) 
word operand 
is subtracted 
from the destination 
(left- 


most) word operand. 
If the carry flag was clear, 1 is subtracted 
from the above 


result. The result 
replaces 
the orignal 
destination 
operand. 
The carry flag is 


set as complement 
of borrow. 


(DEST) 
-- 
(DEST) - 
(SRC) - 
(1-C) 


Assembly 
Language 
Format: 
SUBC 
DST 
SRC 
wreg, 
waop 


Object Code Format: 
[ 
101010aa 
1 [ 
waop 
1 [ 
wreg 
1 


Bytes: 
2 + BEA 
States: 
4 + CEA 


Z 
ST 
i 


Operation: 
The source 
(rightmost) 
byte operand 
is subtracted 
from the destination 
(left- 


most) byte operand. 
If the carry flag was clear, 1 is subtracted 
from the above 


result. The result 
replaces 
the original 
destination 
operand. 
The carry flag is 


set as complement 
of borrow. 


(DEST) 
-- 
(DEST) - 
(SRC) - 
(1-C) 


Assembly 
Language 
Format: 
DST 
SRC 
SUBCB 
breg, 
baop 


Object Code Format: 
[ 
10111 Oaa 
1 [ 
baop 
1 [ 
breg 
1 


Bytes: 
2 + BEA 
States 
4 + CEA 


Z 
ST 
i 


inter 


Operation: 
This instruction causes an interrupt-call which is vectored through location 
2010H. The operation of this instruction is not effected by the state of the 
interrupt enable flag in the PSW (I). Interrupt-calis cannot occur immediately 
following this instruction. This instruction is intended for use by Intel provided 
development tools. These tools will not support user-application of this in- 
struction. 


SP - 
SP - 
2 
(SP) - 
PC 
PC - 
(2010H) 


Assembly 
Language 
Format: 
This instruction is not supported by revision 1.0 of the 8096 assembly lan- 
guage. 


Bytes: 
States 
Onchip Stack: 
Offchip Stack: 


1 
21 (16 on 80C196KB) 
24 (18 on 80C196KB) 


Operation: 
The source (rightmost) word operand is XORed with the destination (leftmost) 
word operand. Each bit is set to 1 if the corresponding bit in either the source 
operand or the destination operand was 1, but not both. The result replaces 
the original destination operand. 


(DEST) - 
(DEST) XOR (SRC) 


DST 
wreg. 
SRC 
waop 


Object Code Format: 
[ 
100001aa 
1 [ 
waop 
1 [ 
wreg 
1 


Bytes: 
2 + BEA 
States: 
4 + CEA 


inter 


Operation: 
The source (rightmost) byte operand is XORed with the destination (leftmost) 
byte operand. Each bit is set to 1 if the corresponding bit in either the source 
operand or the destination operand was 1, but not both. The result replaces 
the original destination operand. 


(DEST) - 
(DEST) XOR (SRC) 


Assembly 
Language 
Format: 
XORB 
DST 
SRC 
breg, 
baop 


Object Code Format: 
[ 
100101aa I[ baop I[ breg I 


Bytes: 
2 + BEA 
States: 
4 + CEA 


Using the 8096 
5 


inter 


High speed digital signals are frequently encountered in 
modem control applications. In addition, there is often 
a requirement for high speed l6-bit and 32-bit precision 
in calculations. The MCS<ll>-96product line, generically 
referred to as the 8096, is designed to be used in appli- 
cations which require high speed calculations and fast 
I/O operations. 


The 8096 is a l6-bit microcontroller 
with dedicated 
I/O subsystems and a complete set of l6-bit arithmetic 
instructions including multiply and divide operations. 
This Ap-note will briefly describe the 8096 in section 2, 
and then give short examples of how to use each of its 
key features in section 3. The concluding sections fea- 
ture a few examples which make use of several chip 
features simultaneously and some hardware connection 
suggestions. Further information on the 8096 and its 
use is available from the sources listed in the bibliogra- 
phy. 


Unlike microprocessors, microcontrollers are generally 
optimized for specific applications. Intel's 8048 was op- 
timized for general control tasks while the 8051 was 
optimized for 8-bit math and single bit boolean opera- 
tions. The 8096 has been designed for high speedlhigh 
performance control applications. Because it has been 
designed for these applications the 8096 architecture is 
different from that of the 8048 or 8051. 


There are two major sections of the 8096; the CPU 
section and the I/O section. Each of these sections can 
be subdivided into functional blocks as shown in Figure 
2-1. 


EA 
ALE 
IIHE 
jijj 
Wii 


READY 


RESET 


I 
I 
__________ 
...J 


The CPU of the 8096 uses a 16-bit ALU which operates 
on a 256-byte register file instead of an accumulator. 
Any of the locations in the register file can be used for 
sources or destinations for most of the instructions. 
This is called a register to register architecture. Many 
of the instructions can also use bytes or words from 
anywhere in the 64K byte address space as operands. A 
memory map is shown in Figure 2-2. 


EXTERNAL 
MEMORY 


OR 


UO 


INTERNAL 
PROGRAM 


STORAGE 
ROM 


FACTORY 
TEST COOE 
• 
INTERRUPT 
I 


VECTORS 
0 


PORT 4 
PORT 3 


EXTERNAL 
MEMORY 


OR 


UO 


INTERNAL 
RAM 
REGISTER 
FILE 
STACK 
POINTER 
SPECIAL 
FUNCnON 
REGISTERS 
(WHEN ACCESSED 
AS 
DATA MEMORY) 


In the lower 24 bytes of the register me are the register- 
mapped 
I/O 
control 
locations, 
also called Special 


Function Registers or SFRs. These registers are used to 
control the on-chip I/O features. The remaining 232 
bytes are general purpose RAM, the upper 16 of which 
can be kept alive using a low current 
power-down 


mode. 


EXTERNAL 
MEMORY 
RESERVED 
FOR USE BY INTEL 
DEVELOPMENT 


SYSTEMS 
(WHEN ACCESSED 
AS 
PROGRAM 
MEMORY) 


Figure 2-3 shows the layout of the register mapped 
I/O. Some of these registers serve two functions, one if 
they are read from and another if they are written 


to. More information about the use of these registers is 
included in the description of the features which they 
control. 


oFFH 
255 


POWER·OOWN 
RAM 


oFOH 
240 
oEFH 
239 


INTERNAL 
~ 
REGISTER 
FILE 


lAJ 


(RAM) I, 


STACK 
POINTER 


IOS1 


1050 


RESERVED 


SP_STAT 


10 PORT 2 


10 PORT 
1 


10 PORT 0 


TIMER2 
(HI) 


TIMER2.(Lo) 


TIMER 1 (HI) 


TIMER 1 (Lo) 


INT_PENDING 


INT_MASK 


SBUF (RX) 


HSLSTATUS 


HSI_TIME 
(HI) 


HSLTIME 
(Lo) 


AD_RESULT 
(HI) 


AD_RESULT 
(Lo) 


RO(HI) 


RO(Lo) 


STACK 
POINTER 


PWM_CoNTRoL 


lOCI 


lOCO 


RESERVED 


SP_CoN 


10 PORT 2 


10 PORT 1 


BAUD_RATE 


RESERVED 


WATCHDOG 


INT_PENDING 


INT_MASK 


SBUF (TX) 


HSO_COMMAND 


HSO_TlME 
(HI) 


HSO_TlME 
(LO) 


HSLMoDE 


AD_COMMAND 


RO (HI) 


RO (LO) 


intJ 


Many of the I/O features on the 8096 are designed to 
operate with little CPU intervention. A list of the major 
I/O functions is shown in Figure 2-4. The Watchdog 
Timer is an internal timer which can be used to reset 
the system if the software fails to operate properly. The 
Pulse-Width-Modulation 
(PWM) output can be used as 


a rough D to A, a motor driver, or for many other 
purposes. The A to D converter (ADC) has 8 multi- 
plexed inputs and lO-bit resolution. The serial port has 
several modes and its own baud rate generator. The 
High Speed I/O section includes a 16-bit timer, a 16-bit 
counter, a 4-input programmable edge detector, 4 soft- 
ware timers, and a 6-output programmable event gener- 
ator. All of these features will be described in section 
2.3. 


The 8096 has 100 instructions, some of which operate 
on bits, some on bytes, some on words and some on 
longs (double words). All of the standard logical and 
arithmetic 
functions are available for both byte and 


word operations. Bit operations and long operations are 
provided for some instructions. There are also flag ma- 
nipulation instructions as well as jump and call instruc- 
tions. A full set of conditional jumps has been included 
to speed up testing for various conditions. 


Bit operations are provided by the Jump Bit and Jump 
Not Bit instructions, as well as by immediate masking 
of bytes. These bit operations can be performed on any 
of the bytes in the register file or on any of the special 
function registers. The fast bit manipulation 
of the 


SFRs can provide rapid I/O operations. 


A symmetric set of byte and word operations make up 
the majority of the 8096 instruction set. The assembly 
language for the 8096 (ASM-96) uses a "B" suffix on a 
mnemonic to indicate a byte operation, without this 
suffix a word operation is indicated. Many of these op- 
erations can have one, two or three operands. An exam- 
ple of a one operand instruction would be: 


MUL 
Value3,Value2,Value1; 


Value3 : = Value2' Value1 


The three operand instructions combined with the reg- 
ister to register architecture almost eliminate the neces- 
sity of using temporary registers. This results in a faster 
processing time than machines that have equivalent in- 
struction execution times, but use a standard architec- 
ture. 


Long (32-bit) operations include shifts, normalize, and 
multiply and divide. The word divide is a 32-bit by 16- 
bit operation with a 16-bit quotient and 16-bit remain- 
der. The word multiply is a word by word multiply 
with a long result. Both of these operations can be done 
in either the signed or unsigned mode. The direct un- 
signed modes of these instructions take only 6.5 micro- 
seconds. A normalize instruction and sticky bit flag 
have been included in the instruction set to provide 
hardware support for the software floating point pack- 
age (FPAL-96). 


Major 110 Functions 


High Speed Input Unit 
Provides Automatic 
Recording 
of Events 


High Speed Output Unit 
Provides Automatic 
Triggering 
of Events and Real-Time 
Interrupts 


Pulse Width Modulation 
Output to Drive Motors or Analog Circuits 


A to D Converter 
Provides Analog 
Input 


Watchdog 
Timer 
Resets 8096 if a Malfunction 
Occurs 


Serial Port 
Provides Synchronous 
or Asynchronous 
Link 


Standard 
I/O Lines 
Provide Interface 
to the External World when other Special 
Features 
are not needed 


inter 


Mnemonic 
Oper- 
Operation 
(Note 
1) 
Flags 
Notes 


ands 
Z 
N 
C 
V 
VT 
ST 


ADD/ADDS 
2 
D~D+A 
~ 
~ 
~ 
~ 
t 
- 


ADD/ADDS 
3 
D~B+A 
~ 
~ 
~ 
~ 
t 
- 
ADDC/ADDCB 
2 
o ~ 
0 + A +C 


,J.. 
~ 
~ 
~ 
t 
- 
SUB/SUBB 
2 
D~D-A 
~ 
~ 
~ 
~ 
t 
- 


SUB/SUBB 
3 
D~B-A 
~ 
~ 
~ 
~ 
t 
- 
SUBC/SUBCB 
2 
D~D-A+C-1 
,J.. 
~ 
~ 
~ 
t 
- 
CMP/CMPB 
2 
D-A 
~ 
~ 
~ 
~ 
t 
- 


MUL/MULU 
2 
0,0 
+ 2 ~ 
0' 
A 
- - - - - 
? 
2 


MUL/MULU 
3 
0,0 
+ 2 ~ 
B' A 
- 
- 
- 
- 
- 
? 
2 


MULB/MULUB 
2 
0,0 
+ 1 ~ 
0' 
A 
- 
- 
- - 
- 
? 
3 


MULB/MULUB 
3 
0,0 
+ 1 ~ 
B' A 
- 
- 
- 
- 
- 
? 
3 


DIVU 
2 
o ~ 
(0, 0 + 2)/ A, 0 + 2 ~ 
remainder 
- 
- - 
~ 
t 
- 
2 


DIVUB 
2 
o ~ 
(0,0+ 
l)/A, 0 + 1 ~ 
remainder 
- - - 
~ 
t 
- 
3 


DIV 
' 2 
o ~ 
(0, 0 + 2)/ A, 0 + 2 ~ 
remainder 
- 
- 
- 
? 
t 
- 
2 
DIVB 
2 
o ~ 
(0, D + l)/A, 0 + 1 ~ 
remainder 
- 
- 
- 
? 
t 
- 
3 
AND/ANDB 
2 
o ~ 
DandA 
~ 
~ 
0 
0 
- 
- 
AND/ANDB 
3 
o ~ 
BandA 
~ 
~ 
0 
0 
- 
- 
OR/ORB 
2 
o ~ 
DorA 
~ 
~ 
0 
0 
- 
- 
XOR/XORB 
2 
o ~ 
o (excl. or) A 
~ 
~ 
0 
0 
- 
- 
LD/LDB 
2 
D~A 
- - - - - - 
ST/STB 
2 
A~D 
- 
- 
- 
- 
- 
- 
LDSSE 
2 
o ~ 
A;D + 1 ~ 
SIGN(A) 
- 
- 
- 
- 
- 
- 
3,4 
LDSZE 
2 
o ~ 
A;D+ 
1 ~ 
0 
- 
- 
- 
- 
- 
- 
3,4 
PUSH 
1 
SP ~ 
SP - 2; (SP) ~ 
A 
- - 
- 
- 
- 
- 
POP 
1 
A ~ 
(SP);SP ~ 
SP + 2 
- 
- 
- 
- 
- 
- 
PUSHF 
0 
SP ~ 
SP - 2; (SP) ~ 
PSW; 
0 
0 
0 
0 
0 
0 


PSW ~ 
OOOOH 
I ~O 


POPF 
0 
PSW ~ 
(SP);SP ~ 
SP + 2; 
I~~ 
~ 
~ 
~ 
~ 
~ 
~ 
SJMP 
1 
PC ~ 
PC + 11·bit offset 
- 
- 
- 
- 
- 
- 
5 
LJMP 
1 
PC ~ 
PC + 16-bit offset 
- - 
- 
- 
- 
- 
5 
SR (indirect) 
1 
PC ~ 
(A) 
- 
- - 
- 
- 
- 
SCALL 
1 
SP ~ 
SP - 2; (SP) ~ 
PC; 
- 
- 
- 
- 
- 
- 
5 


PC ~ 
PC + 11-bit offset 


LCALL 
1 
SP ~ 
SP - 2; (SP) ~ 
PC; 
- 
- 
- 
- 
- 
- 
5 


PC ~ 
PC + 16-bit offset 


RET 
0 
PC ~ 
(SP);SP ~ 
SP + 2 
- 
- 
- 
- 
- 
- 
J (conditional) 
1 
PC ~ 
PC + a-bit offset (if taken) 
- 
- 
- 
- 
- 
- 
5 
JC 
1 
JumpifC 
= 1 
- 
- 
- 
- 
- 
- 
5 
JNC 
1 
JumpifC 
= 0 
- 
- 
- 
- 
- 
- 
5 
JE 
1 
JumpifZ 
= 1 
- 
- 
- 
- 
- 
- 
5 


NOTES: 
1. If the mnemonic ends in "S", a byte operation is performed, otherwise a word operation is done. Operands 0, S, and A 
must conform to the alignment rules for the required operand type. 0 and S are locations in the register file; A can be 
located anywhere in memory. 
2. 0, 0 + 2 are consecutive WORDS in memory; D is DOUSLE-WORD aligned. 
3. D, D + 1 are consecutive BYTES in memory; D is WORD aligned. 
4. Changes a byte to a word. 
5. Offset is a 2's complement number. 


inter 


Mnemonic 
Oper- 
Operation 
(Note 
1) 
Flags 
Notes 


ands 
Z 
N 
C 
V 
VT 
ST 


JNE 
1 
JumpifZ 
= 0 
- - - - 
- - 
5 


JGE 
1 
Jump if N = 0 
- - - - 
- - 
5 


JLT 
1 
Jump if N = 1 
- - - - 
- 
- 
5 


JGT 
1 
Jump if N = 0 and Z = 0 
- - - - - 
- 
5 


JLE 
1 
Jump if N = 1 or Z = 1 
- - - - - 
- 
5 


JH 
1 
JumpifC 
= 1 andZ = 0 
- - - - - 
- 
5 


JNH 
1 
Jump if C = 0 or Z = 1 
- - - - - 
- 
5 


JV 
1 
Jump if V = 1 
- - - - 
- 
- 
5 


JNV 
1 
Jump if V = 0 
- - - - 
- 
- 
5 


JVT 
1 
Jump if VT = 1; Clear VT 
- - - - 
0 
- 
5 


JNVT 
1 
Jump if VT = 0; Clear VT 
- - - - 
0 
- 
5 


JST 
1 
Jump if ST = 1 
- - - - - 
- 
5 


JNST 
1 
Jump if ST = 0 
- - - - 
- - 
5 


JSS 
3 
Jump if Specified Sit = 1 
- - - - 
- 
- 
5,6 


JSC 
3 
Jump if Specified Sit = 0 
- 
- 
- 
- 
- 
- 
5,6 


OJNZ 
1 
0- 
0-1;ifO*Othen 
PC - 
PC + 8-bit offset 
- - - - 
- 
- 
5 


OEC/OECS 
1 
0-0-1 
'" 
'" 
'" 
'" 
t 
- 
NEGINEGS 
1 
0-0-0 
'" 
'" 
'" 
'" 
t 
- 
INCIINCS 
1 
0-0+1 
'" 
'" 
'" 
'" 
t 
- 
EXT 
1 
o - 
0; 0 + 2 - 
Sign (D) 
'" 
'" 
0 
0 - 
- 
2 


EXTS 
1 
o - 
0; 0 + 1 - 
Sign (D) 
'" 
'" 
0 
0 
- 
- 
3 


NOT/NOTS 
1 
o - 
Logical Not (D) 
'" 
'" 
0 
0 
- 
- 
CLR/CLRS 
1 
0-0 
1 
0 
0 
0 
- 
- 
SHLISHLS/SHLL 
2 
C - 
msb-----Isb 
- 
0 
'" 
? 
'" 
'" 
t 
- 
7 


SHRISHRS/SHRL 
2 
0--' 
msb-----Isb 
--. 
C 
'" 
? 
'" 
0 
- 
'" 
7 


SHRAISHRAS/SHRAL 
2 
msb --. 
msb-----Isb 
--. 
C 
'" 
'" 
'" 
0 
- 
'" 
7 


SETC 
0 
C-1 
- - 
1 
- 
- 
- 


CLRC 
0 
C-O 
- - 
0 
- 
- 
- 
CLRVT 
0 
VT - 
0 
- 
- - - 
0 
- 
RST 
0 
PC - 
2080H 
0 
0 
0 
0 
0 
0 
8 
01 
0 
Disable All Interrupts (I - 
0) 
- - - - - 
- 
EI 
0 
Enable All Interrupts (I - 
1) 
- - - - 
- 
- 


NOP 
0 
PC-PC+1 
- - - - 
- 
- 
SKIP 
0 
PC-PC+2 
- 
- 
- - 
- 
- 


NORML 
2 
Left Shift Till msb = 1; 0 - 
shift count 
'" 
? 
0 
- 
- 
- 
7 


TRAP 
0 
SP - 
SP - 2; (SP) - 
PC 
PC - 
(2010H) 
- - - - - 
- 
9 


NOTES: 
1. If the mnemonic ends in "S", a byte operation is performed, otherwise a word operation is done. Operands 0, S, and A 
must conform to the alignment rules for the required operand type. 0 and S are locations in the register file; A can be 
located anywhere in memory. 
5. Offset is a 2's complement number. 
6. Specified bit is one of the 2048 bits in the register file. 
7. The "L" (Long) suffix indicates double-word operation. 
8. Initiates a Reset by pulling RESET low. Software should re-initialize all the necessary registers with code starting at 
2080H. 
9. The assembler will not accept this mnemoOlc. 


inter 


One operand of most of the instructions can be used 
with anyone 
of six addressing modes. These modes 


increase the flexibility and overall execution speed of 
the 8096. The addressing modes are: register-direct, im- 
mediate, indirect, indirect with auto-increment, 
and 


long and short indexed. 


The fastest instruction execution is gained by using ei- 
ther register direct or immediate addressing. Register- 
direct addressing is similar to normal direct addressing, 
except that only addresses in the register me or SFRs 
can be addressed. The indexed mode is used to directly 
address the remainder of the 64K address space. Imme- 
diate addressing operates as would be expected, using 
the data following the oPCodeas the operand. 


Both of the indirect addressing modes use the value in a 
word register as the address of the operand. If the indi- 
rect auto-increment mode is used then the word register 
is incremented by one after a byte access or by two after 
a word access. This mode is particularly useful for ac- 
cessing lookup tables. 


Access to any of the locations in the 64K address space 
can be obtained by using the long indexed addressing 


mode. In this mode a l6-bit 2's complement value is 
added to the contents of a word register to form the 
address of the operand. By using the zero register as the 
index, ASM96 (the assembler) can accept "direct" ad- 
dressing to any location. The zero register is located at 
OOOOH and always has a value of zero. A short indexed 
mode is also available to save some time and code. This 
mode uses an 8-bit 2's complement number as the offset 
instead of a l6-bit number. 


The multiple addressing modes of the 8096 make it easy 
to program in assembly language and provide an excel- 
lent interface to high level languages. The instructions 
accepted by the assembler consist of mnemonics fol- 
lowed by either addresses or data. A list of the mne- 
monics and their functions are shown in Figure 2-5. 
The addresses or data are given in different formats 
depending on the addressing mode. These modes and 
formats are shown in Figure 2-6. 


Additional information on 8096 assembly language is 
available in the 
MCS-96 Macro 
Assembler 
Users 


Guide, listed in the bibliography. 


Mnem Dest or Src1 
; One operand direct 
Mnem Dest, Src1 
; Twooperand direct 
Mnem Dest, Src1, Src2 
; Three operand direct 


Mnem #Src1 
; One operand immediate 
Mnem Dest, #Src1 
; Twooperand immediate 
Mnem Dest, Src1, #Src2 
; Three operand immediate 


Mnem [addr] 
; One operand indirect 
Mnem [addrj+ 
; One operand indirectauto-increment 
Mnem Dest, [addrj 
; Twooperand indirect 
Mnem Dest, (addr)+ 
; Twooperand indirectauto-increment 
Mnem Dest, Src1, [addr] 
; Three operand indirect 
Mnem Dest, Src1, [addr)+ 
; Three operand indirectauto-increment 


Mnem Dest, offs [addr) 
; Twooperand indexed (short or long) 
Mnem Dest, Src1, offs [addr] 
; Three operand indexed (short or long) 
Where: "Mnem"is the instructionmnemonic 


"Dest" is the destination register 
"Src1". "Src2" are the source registers 
"addr" is a register containing a value to be used in computingthe address of an operand 
"offs"is an offset used in computingthe address of an operand 


inter 
Using the 8096 


r--- 
1OC1.1 


EXTlNT 
~~--------EXnNT 
ACH.7 
__ 


n 
FLAG ----------- 
SERIAL 
PORT 
RIFLAG--.J 
r--- HSO_COMMAND.4 


~~-------- 
SOFTWARE 
TIMER 


SOFTWARE 
TIMER 
0 ~ 
SOFTWARE 
TIMER 
1 


SOFTWARE 
TIMER 2 
SOFTWARE 
TIMER 3 


RESET TIMER 2" 
START 
AID CONVERSION' 


r--- HS<U:OMMAND.4 


ANY HSO OPERATION --0 
~ ••-------- 
HIGH SPEED 
OUTPUTS 


r---IOC1.7 


FIFO IS FULL 
~ 
HSI DATA AVAILABLE 
HOLDING 
REGISTER 
LOADED_ 


r---1OC1.2 
I 
nMER1 
OVERFLOW 
_ 
"'o~------ 
TIMER OVERFLOW 


nMER2 
OVERFLOW --<I'lon----- 
I 
'Only 
_n 
Initiated 
by the HSO unit. 
L 
1OC1.3 


The flexibility of the instruction set is carried through 
into the interrupt system. There are 20 different inter- 
rupt sources that can be used on the 8096. The 20 
sources vector through 8 locations or interrupt vectors. 
The vector names and their sources are shown in Fig- 
ure 2-7, with their locations listed in Figure 2-8. Con- 
trol of the interrupts is handled through the Interrupt 
Pending Register (INT_PENDING), 
the Interrupt 
Mask Register (INT~ASK), 
and the I bit in the 
PSW (PSW.9). Figure 2-9 shows a block diagram of the 
interrupt 
structure. 
The INT_PENDING 
register 
contains bits which get set by hardware when an inter- 
rupt occurs. If the interrupt mask register bit for that 
source is a I and PSW.9 = I, a vector will be taken to 
the address listed in the interrupt vector table for that 


Vector 


Source 
Location 
Priority 
(High 
(Low 
Byte) 
Byte) 


Software 
2011H 
2010H 
Not Applicable 
Extint 
200FH 
200EH 
7 (Highest) 
Serial Port 
200DH 
200CH 
6 
Software 
Timers 
200BH 
200AH 
5 
HSI.O 
2009H 
2008H 
4 
High Speed 
2007H 
2006H 
3 
Outputs 
HSI Data 
2005H 
2004H 
2 
Available 
AID Conversion 
2003H 
2002H 
1 
Complete 
Timer Overflow 
2001H 
2000H 
o (Lowest) 


inter 


source. When the vector is taken the INT_PENDING 
bit is cleared. If more than one bit is set in the INT_ 
PENDING 
register with the corresponding bit set in 


the INT_MASK 
register, the Interrupt with the high- 


est priority shown in Figure 2-8 will be executed. 


The software can make the hardware interrupts work in 
almost any fashion desired by having each routine run 
with its own setup in the INT_MASK 
register. This 


will be clearly seen in the examples in section 4 which 
change the priority of the vectors in software. The 


EXTlNT 


7 


SERIAL 
PORT 


6 


SOFTWARE 


TIMERS 
HSI.O 


5 


TIMER 


OVERFLOW 
o 


Z is the zero flag. 
It is set when 
the result 
of an operation 
is zero. 


N is the negative 
flag. 
It is set to the algebraically 
correct 
sign of the result 
regardless 
of overflows. 


V is the overflow 
flag. 
It is set if an overflow 
occurs. 


VT is the overflow 
trap flag. 
It is set when 
the VT flag is set and cleared 
by JVT, JNVT, 
or CLAVT. 


C is the carry 
flag. 
It is set if a carry 
was generated 
by the prior operation. 


I is the global 
interrupt 
enable 
bit. 


ST is the sticky 
bit. It is set during 
a right shift 
if a one was shifted 
into and then 
out of the carry 
flag. 
INT-MASK 
is the interrupt 
mask 
register 
and contains 
bits which 
individually 
enable 
the 8 interrupt 
vectors. 


PSW (shown in Figure 2-10), stores the INT_MASK 
register in its lower byte so that the mask register can 
be pushed and popped along with the machine status 
when moving in and out of routines. The action of 
pushing flags clears the PSW which includes PSW.9, 
the interrupt enable bit. Therefore, after a PUSHF in- 
struction interrupts are disabled. In most cases an inter- 
rupt service routine wiJIhave the basic structure shown 
below. 


PUSHF 
LDB 
INT_MASK, 
#xxxxxxxxB 
EI 


POPF 
RET 


The PUSHF instruction saves the PSW including the 
old INT_MASK 
register. The PSW, including the in- 
terrupt enable bit are left cleared. If some interrupts 
need to be enabled while the service routine runs, the 
INT_MASK 
is loaded with a new value and inter- 
rupts are globally enabled before the service routine 
continues. At the end of the service routine a POPF in- 


struction is executed to restore the old PSW. The RET 
instruction is executed and the code returns to the de- 
sired location. Although the POPF instruction can en- 
able the interrupts the next instruction will always exe- 
cute. This prevents unnecessary building of the stack by 
ensuring that the RET always executes before another 
interrupt vector is taken. 


All of the on-chip I/O features of the 8096 can be ac- 
cessed through the special function registers, as shown 
in Figure 2-3. The advantage of using register-mapped 
I/O is that these registers can be used as the sources or 
destinations of CPU operations. There are seven major 
I/O functions. Each one of these wiJI be considered 
with a section of code to exemplify its usage. The first 
section covered wiJI be the High Speed I/O, (HSIO), 
subsystem. This section includes the High Speed Input 
(HSI) unit, High Speed Output (HSO) unit, and the 
Timer/Counter 
section. 


The 8096 has two time bases, Timer I and Timer 2. 
Timer I is a 16-bit free running timer which is incre- 
mented every 8 state times. (A state time is 3 oscillator 
periods, or 0.25 microseconds with a 12 MHz crystal.) 


HSI.O 
HSl.l 
HSI.2 


HSI.3 
LHITOLO 
____ 
..• 
r 
LO TO HI 


J'l1"U'UU1.. 


EVERY EIGHTH 
POSmVE 
TRANSITION 


2.0,.5 CLOCK 


TRIGGERED 


CHANGE 
INPUT(S) 


DETECTOR 


• Pulse measurement with 2.0 p'sec resolution 
• Input transitions trigger the recording of the reference 
Timer (l6-M) 
and triggered input(s) (4-bit) 


Its value can be read at any time and used as a refer- 
ence for both the HSI section and the HSO section. 
Timer 1 can cause an interrupt when it overflows,and 
cannot be modified or stopped without resetting the 
entire chip. Timer 2 is really an event counter since it 
uses an external clock source. Like Timer 1,it is 16-bits 
wide, can be read at any time, can be used with the 
HSO section, and can generate an interrupt when it 
overflows. Control of Timer 2 is limited to increment- 
ing it and resetting it. Specificvalues can not be written 
to it. 


Although the 8096 has only two timers, the timer flexi- 
bility is equal to a unit with many timers thanks to the 
HSIO unit. The HSI enables one to measure times of 
external events on up to four lines using Timer I as a 
timer base. The HSO unit can schedule and execute 
internal events and up to six external events based on 
the values in either Timer I or Timer 2. The 8096 also 
includes separate, dedicated timers for the baud rate 
generator and watchdog timer. 


The HSI unit can be thought of as a message taker 
which records the line which had an event and the time 
at which the event occurred. Four types of events can 
trigger the HSI unit, as shown in the HSI block dia- 
gram in Figure 2-11. The HSI unit can measure pulse 
widths 
and 
record 
times 
of 
events 
with 
a 
2 


HSl.O MODE 


HSI.l 
MODE 


H51.2 MODE 


HSl.311ODE 


270658-7 
Where each 2-bit mode control field 
defines one of 4 possible modes: 


00 
8 positive transitions 
01 
Each positive transition 
10 
Each negative transition 
11 
Every transition (positive and negative) 


microsecond resolution. It can look for one of four 
events on each of four lines simultaneously, based on 
the information in the HSI Mode register, shown in 
Figure 2-12. The information is then stored in a seven 
level FIFO for later retrieval. Whenever the FIFO con- 
tains information, the earliest entry is placed in the 
holding register. When the holding register is read, the 
next valid piece of information is loaded into it. Inter- 
rupts can be generated by the HSI unit at the time the 


holding register is loaded or when the FIFO has six or 
more entries. 


Just as the HSI can be thought of as a message taker, 
the HSO can be thought of as a message sender. At 
times determined by the software, the HSO sends mes- 


~5 
H50.0 
- H50.5 
e 
HSO.O AND HSO.1 
7 
HSO.2 AND H50.3 
1-8 
SOFTWARE 
TIMERS 


E 
RESET TIMER 
2 
F 
START AID CONVERSION 


INTERRUPTINO 
INTERRUPT 
SET/CLEAR 
TIMER 2/TIMER 
1 


HIGH SPEED OUTPUT 
CONTROLS 


e PINS 


4 SOFTWARE 
TIMERS 
2 INTERRUPTS 
INITIATE AID CONVERSION 
RESET TIMER 2 


'-"-0••...•..• 
~U' •.--. .•.v •••~ u.""".l~ 
I-V Ha"C 
lHClti 
lUlU 
Uti, 
•.urn 
UIl, 
start processing, or reset. Since the programmed times 
can be referenced to either Timer I or Timer 2, the 
HSO makes the two timers look like many. For exam- 
ple, if several events have to occur at specific times, the 
HSO unit can schedule all of the events based on a 
single timer. The events that can be scheduled tp occur 
and the format of the command written to the HSO 
Command register are shown in Figure 2-13. 


The software timers listed in the figure are actually 4 
software flags in I/O Status Register I (lOSI). These 
flags can be set, and optionally cause an interrupt, at 
any time based on Timer I or Timer 2. In most cases 
these timers are used to trigger interrupt routines which 
must occur at regular intervals. A multitask process 
can easily be set up using the software timers. 


SP_STAT 


(READ 
ONLY) 


NOTE: 
TI and RI are cleared 
when 
SP_CON 
is read. 


A 
\.-AM ~\.-ontent Addressable Memory) tile is the 


main component of the HSO. This file stores up to 
eight events which are pending to occur. Every state 
time one location of the CAM is compared with the 
two timers. After 8 state times, (two microseconds with 
a 12 MHz clock), the entire CAM has been searched 
for time matches. If a match occurs the specified event 
will be triggered and that location of the CAM will be 
made available for another pending event. A block dia- 
gram of the HSO unit is shown in Figure 2-14. 


Controlling a device from a remote location is a simple 
task that frequently requires additional hardware with 
many processors. The 8096 has an on-chip serial port to 
reduce the total number of chips required in the system. 


SP_CON 


(WRITE 
ONLY) 


M2. M1 
SPECIFIES 
THE MOOE; 


O.O~MOOEO 
O.1~MODE1 
1. 0 ~ MODE 2 
1. 1 ~ MODE 3 


PEN 
ENABLE 
THE PARITY FUNCTION (EVEN PARITY); 


REN 
ENABLES 
THE RECEIVE FUNCTION; 


TBI 
PROGRAMS 
THE 9TH DATA BIT (IF NOT PARITY) ON 


TRANSMISSION; 


Tt 
IS THE TRANSMIT 
INTERRUPT 
FLAG; 


RBI 
IS THE 9TH DATA BIT RECEIVED (IF NOT PARITY); 


RPE 
IS THE PARITY 
ERROR INDICATOR (IF PARITY ACTIVE). 
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The serial port is similar to that on the MCS-51 prod- 
uct line. It has one synchronous and three asynchro- 
nous modes. In the asynchronous modes baud rates of 
up to 187.5 Kbaud can be used, while in the synchro- 
nous mode rates up to 1.5 Mbaud are available. The 
chip has a baud rate generator which is independent of 
Timer I and Timer 2, so using the serial port does not 
take away any of the HSI, HSO or timer flexibility or 
functionality. 


Control of the serial port is provided through 
the 


SPCON/SPSTAT 
(Serial Port 
CONtrol/Serial 
Port 


STATus) register. This register, shown in Figure 2-15, 
has some bits which are read only and others which are 
write only. Although the functionality of the port is 
similar to that of the 8051, the names of some of the 
modes and control bits are different. The way in which 
the port is used from a software standpoint 
is also 


slightly different since RI and TI are cleared after each 
read of the register. 


The four modes of the serial port are referred to as 
modes 0, 1,2 and 3. Mode 0 is the synchronous mode, 
and is commonly used to interface to shift registers for 
I/O expansion. In this mode the port outputs a pulse 
train on the TXD pin and either transmits or receives 
data on the RXD pin. Mode I is the standard asyn- 
chronous mode, 8 bits plus a stop and start bit are sent 
or received. Modes 2 and 3 handle 9 bits plus a stop and 
start bit. The difference between the two is, that in 
Mode 2 the serial port interrupt will not be activated 
unless the ninth data bit is a one; in Mode 3 the inter- 
rupt is activated whenever a byte is received. These two 
modes are commonly used for interprocessor communi- 
cation. 


Using XTAL1: 


M d 
O· Baud _ XTAL1 frequency. 
0 
o e 
. Rate - 
4'(B+1) 
• B" 


Others: Baud. 
XTAL1 frequency 
Rate 
64'(B+1) 


Using T2CLK: 


M d 
O· Baud _ T2CLKfrequency. 
0 
oe·Rate- 
B 
,B" 


Oth 
. Baud _ T2CLK frequency. 


ers. Rate - 
16'B 
•B •• 0 


Note that B cannot equal O. except when using 
XTAL1 in other than mode O. 


Baud rates for all of the modes are controlled through 
the Baud Rate register. This is a byte wide register 
which is loaded sequentially with two bytes, and inter- 
nally stores the value as a word. The least significant 
byte is loaded to the register followed by the most sig- 
nificant. The most significant bit of the baud value de- 
termines the clock source for the baud rate generator. If 
the bit is a one, the XTALI pin is used as the source, if 
it is a zero, the T2 CLK pin is used. The formulas 
shown in Figure 2-16 can be used to calculate the baud 
rates. The variable "B" is used to represent the least 
significant IS bits of the value loaded into the baud rate 
register. 


The baud rate register values for common baud rates 
are shown in Figure 2-17. These values can be used 
when XTALl is selected as the clock source for serial 
modes other than Mode O. The percentage deviation 
from theoretical is listed to help assess the reliability of 
a given setup. In most cases a serial link will work if 
there is less than a 2.5% difference between the baud 
rates of the two systems. This is based on the assump- 
tion that 10 bits are transmitted per frame and the last 
bit of the frame must be valid for at least six-eights of 
the bit time. If the two systems deviate from theoretical 
by 1.25% in opposite directions the maximum toler- 
ance of 2.5% will be reached. Therefore, caution must 
be used when the baud rate deviation approaches 
1.25% from theoretical.. Note that an XTALl frequen- 
cy of 11.0592 MHz can be used with the table values 
for II MHz to provide baud rates that have 0.0 percent 
deviation from theoretical. In most applications, how- 
ever, the accuracy available when using an II MHz 
input frequency is sufficient. 


Serial port Mode I is the easiest mode to use as there is 
little to worry about except initialization and loading 
and unloading SBUF, the Serial port BUFfer. If parity 
is enabled, (i.e., PEN = I), 7 bits plus even parity are 
used instead of 8 data bits. The parity calculation is 
done in hardware for even parity. Modes i and 3 are 
similar to Mode 1, except that the ninth bit needs to be 
controlled and read. It is also not possible to enable 
parity in Mode 2. When parity is enabled in Mode 3 the 
ninth bit becomes the parity bit. If parity is not enabled, 
(i.e., PEN = 0), the TB8 bit controls the state of the 
ninth transmitted bit. This bit must be set prior to each 
transmission. On reception, if PEN 
':= 0, the RB8 bit 


indicates the state of the ninth received bit. If parity is 
enabled, (i.e., PEN = 1), the same bit is called RPE 
(Receive Parity Error), and is used to indicate a parity 
error. 


inter 


XTAL 1 Frequency = 12.0 MHz 


Baud Rate 
Baud Register Value 
Percent Error 


19.2K 
8009H 
+2.40 


9600 
8013H 
+2.40 


4800 
8026H 
-0.16 


2400 
804DH 
-0.16 


1200 
809BH 
-0.16 


300 
8270H 
0.00 


XTAL1 Frequency = 11.0 MHz 


19.2K 
8008H 
+0.54 


9600 
8011H 
+0.54 


4800 
8023H 
+0.54 


2400 
8047H 
+0.54 
1200 
808EH 
-0.16 


- 
300 
823CH 
+0.01 


I 
XTAL 1 Frequency = 10.0 MHz 
19.2K 
- 
8007H 
-1.70 


9600 
800FH 
-1.70 


4800 
. 
8020H 
+1.38 
2400 
8040H 
-0.16 


1200 
8081H 
. 
-0.16 
300 
8208H 
+0.03 


The software used to communicate between processors 
is simplified by making use of Modes 2 and 3. In a basic 
protocol the ninth bit is called the address bit. If it is set 
high then the information in that byte is either the ad- 
dress of one of the processors on the link, or a com- 
mand for all the processors. If the bit is a zero, the byte 
contains information for the processor or processors 
previously addressed. In standby mode all processors 
wait in Mode 2 for a byte with the address bit set. 
When they receive that byte, the software determines if 
the next message is for them. The processor that is to 


receive the message switches 'to Mode 3 and receives 
the information. Since this information is sent with the 
ninth bit set to zero, none of the processors set to Mode 
2 will be interrupted. By using this scheme the overall 
CPU time required for the serial port is minimized. 


A typical connection diagram for the multi-processor 
mode is shown in Figure 2-18. This type of communica- 
ton can be used to connect peripherals to a desk top 
computer, the axis of a multi-axis machine, or any oth- 
er group of microcontrollers jointly performing a task. 


inter 


{ 


-CALCULATE 
COOROINATE TRANSFORMS 
- 
DETERMINE VECTOR ENDPOINTS AND 
TRAVEL TIMES 
- 
PROVIDE USER INTERFACE 


{ 


-CONVERT 
VECTORS TO INDIVIDUAL 
AXIS COMMANDS 
- 
CONTROL THE SERIAL LINK 
- 
MONITOR ENTIRE SYSTEM FOR FAULTS 


Mode 0, the synchronous mode, is typically used for 
interfacing to shift registers for I/O expansion. The 
software to control this mode involves the REN (Re- 
ceiver ENable) bit, the clearing of the RI bit, and writ- 
ing to SBUF. To transmit to a shift register, REN is set 
to zero and SBUF is loaded with the information. The 
information will be sent and then the TI flag will be set. 
There are two ways to cause a reception to begin. The 
first is by causing a rising edge to occur on the REN 
bit, the second is by clearing RI with REN = 
I. In 
• 


either case, RI is set again when the received byte is 
available in SBUF. 


Analog inputs are frequently required in a microcon- 
troller application. The 8097 has a IO-bit A to D con- 
verter that can use anyone of eight input channels. The 
conversions are done using the successive approxima- 
tion method, and require 168 state times (42 microsec- 
onds with a 12 MHz clock.) 


The results are guaranteed monotonic by design of the 
converter. This means that if the analog input voltage 
changes, even slightly, the digital value will either stay 
the same or change in the same direction as the analog 


input. When doing process control algorithms, it is fre- 
quently the changes in inputs that are required, not the 
absolute accuracy of the value. For this reason, even if 
the absolute accuracy of a IO-bit converter is the same 
as that of an 8-bit converter, the IO-bit monotonic con- 
verter is much more useful. 


Since most of the analog inputs which are monitored by 
a microcontroller change very slowly relative to the 42 
microsecond conversion time, it is acceptable to use a 
capacitive ftIter on each input instead of a sample and 
hold. The 8097 does not have an internal sample and 
hold, so it is necessary to ensure that the input signal 
does not change during the conversion time. The input 
to the AID 
must be between ANGND 
and VREF. 


ANGND must be within a few millivolts of VSS and 
VREF must be within a few tenths of a volt of VCC. 


Using the A to D converter on the 8097 can be a very 
low software overhead task because of the interrupt and 
HSO unit structure. The A to D can be started by the 
HSO unit at a preset time. When the conversion is com- 
plete it is possible to generate an interrupt. By using 
these features the A to D can be run under complete 
interrupt 
control. The A to D can also be directly 


AID 
Command 
Raglater 


(LOCATION 
02H) 


AID 
Reault 
Reglater 


(LOCATION 
03H) 
(LOCATION 
02H) 


CHANNEL 
II SELECTS 
WHICH 
OF THE' 
ANALOG 
INPUT 
CHANNELS 
IS TO BE CONVERTED 
TO DIGITAL 
FORM; 


GO INDICATES 
WHEN THE CONVERSION 
IS TO BE 


INITIATED 
(GO = 1 MEANS 
START 
NOW, GO = 0 
MEANS 
THE CONVERSION 
IS TO BE INInATED 


BY THE HSO UNIT AT A SPECIFIED 
TlME). 


AID CHANNEL 
NUMBER 


STATUS 
o = AID CURRENTLY 
IDLE 
1 = CONVERSION 
IN PROCESS 


AID RESULT: 


LEAST 
SIGNIFICANT 
2 BITS 


MOST SIGNIFICANT 
BYTE 


controlled by software flags which are located in the 
AD_RESULT/AD_COMMAND 
Register, shown 


in Figure 2-19. 


Analog outputs are just as important as analog inputs 
when connecting to a piece of equipment. True digital 
to analog converters are difficult to make on a micro- 
processor because of all of the digital noise and the 
necessity of providing an on chip, relatively high cur- 
rent, rail to rail driver. They also take up a fair amount 
of silicon area which can be better used for other fea- 
tures. The A to D converter does use a D to A, but the 
currents involved are very small. 


For many applications an analog output signal can be 
replaced by a Pulse Width Modulated (pWM) signal. 
This signal can be easily generated in hardware, and 


takes up much less silicon area than a true D to A. The 
signal is a variable duty cycle, fixed frequency wave- 
form that can be integrated to provide an approxima- 
tion to an analog output. The frequency is fixed at a 
period of 64 microseconds for a 12 MHz clock speed. 
Controlling the PWM simply requires writing the de- 
sired duty cycle value (an 8-bit value) to the PWM 
Register. Some typical output waveforms that can be 
generated are shown in Figure 2-20. 


Converting the PWM signal to an analog signal varies 
in difficulty, depending upon the requirements of the 
system. Some systems, such as motors or switching 
power supplies actually require a PWM signal, not a 
true analog one. For many other cases it is necessary 
only to amplify the signal so that it switches rail-to-rail, 
and then f1lterit. Switching rail-to-rail means that the 
output of the amplifier will be a reference value when 
the input is a logical one, and 
the output 
will 


~ a·surltlie J<.~ networK or an active filter. it a large 
amount of current is needed a butTer is also required. 
For low output currents. (less than 100 microamps or 
so). the circuit shown in Figure 2-21 can be used. 


but the qUieter the output, the slower It can change. 
The design of high accuracy voltage followers and ac- 
tive ftlters is beyond the scope of this paper. however 
many books on the subject are available. 


DUTY 
PWM CONTROL 
CYCLE 
REGISTER VALUE 


0% 
00 
HI 
LO 


10% 
25 
~~Jl 


50% 
12. 
HI 
LO 


10% 
230 
HI --l 
LO 
..."" 
255 
HI 
LO 


inter 


The examples in this section show how to use each I/O 
feature individually. Examples of using more than one 
feature at a time are described in section 4. All of the 
examples in this ap-note are set up to be used as listed. 
If run through ASM96 they will load and run on an 
SBE-96. In order to insure that the programs work, the 
stack pointer is initialized at the beginning of each pro- 
gram. If the programs are going to be used as modules 
of other 
programs, 
the 
stack pointer 
initialization 


should only be used at the beginning of the main pro- 
gram. 


To avoid repetitive 
declarations 
the 
"include" 
file 


"DEM096.INC", 
shown in Listing 3-1, is used. ASM- 


96 will insert this file into the code file whenever the 
directive "INCLUDE 
DEM096.INC" 
is used. The file 


contains the definitions for the SFRs and other vari- 
ables. The include statement has been placed in all of 
the examples. It should be noted that some of the lab- 


els in this file are different from those in the file 
8096.INC that is provided in the ASM·96 package. 


3.1. 
Using the 8096's Processing 
Section 


A good way of increasing speed for many processing 
tasks is to use table lookup with interpolation. This can 
eliminate lengthy calculations in many algorithms. Fre- 
quently it is used in programs that generate sine wave- 
forms, use exponents in calculations, or require some 
non-linear function of a given input variable. Table 
lookup can also be used without interpolation to deter- 
mine the output state of I/O devices for a given state of 
a set of input devices. The procedure is also a good 
example of 8096 code as it uses many of the software 
features. Two ways of making a lookup table are de- 
scribed, one way uses more calculation time, the second 
way uses more table space. 


, •.• * •••.•.••••••••.•.•••.•.•••••.••••••••••••••••••••.•.•.•••.•••••••••••••••••••••••.•.•.•••.• 


: 
DEM096.INC 
- 
DEFINITION 
or 
SYMBOLIC 
NAMES 
rOR 
THE 
I/O 
RBGISTERS 
or 
TNI 
10.6 


: •••.•.•.•.•••••• 
** •••••••.•••.•••••••••••••••••••••••••••••••.•••••••••••••••••••••••• 
I 
IERO 
AD 
COMMAND 
AD-RISULT 
LO 
AD-aBSULT-HI 
HSI 
MODE 
- 


HSO-TIMI 
HSI-TIME 
HSO-COMMAND 
R51-STATUS 
saup 
IN" 
MASIC 


tNT-PENDING 
speON 
S PSTAT 
WATCHDOG 
TIMIRI 
TINER2 


PORTO 


BAUD 
REG 
PO aT I 
PO ItT 2 
lOCO 
10SO 
10Cl 
10Sl 
PWH 
CONTROt 


SP 
- 


RBBG 
•• 
lCH 


AX. 
OSIf 
OX. 
OSIf 
ax. 
OSIf 


cx. 
OSIf 


AL 
SQu 
AH 
SQu 


GOh,WORD 
02ft,BYTE 
02H.BYTE 


OlHaBYTB 
03HIBYTB 
04Htll'01l0 
04HtllORO 
O'HtBYT. 
O'HtBY'fS 
07RtBYTS 
OIR,BYT. 
O'"IBYTB 
llR.8YTE 
11Rt8YTB 
OAR 
t BY'fS 


OAR 
tWORD 


OCR 
t VOIlD 
OBHIBY". 
OEHIBY"B 
OFK t BYT. 
10HtBYTB 
15HtBY,.. 
15H,BYTB 
16K,BYTE 
16K,BYTB 
17HtBYTB 
11K 
.WORD 


I 
R/If 
I 
If 
, 
R 


I 
R 
I, 


, 
R 
,, 
I 
I 
I 


• 
I 
R 
, 
R 
I 
R 
I,,, 


, 
R 
, 


, 
R 


I 
If 
r 
R/V 
SYACI 
,OINTSR 


inter 


In both methods the procedure is similar. Values of a 
function are stored in memory for specific input values. 
To compute the output function for an input that is not 
listed, a linear approximation 
is made based on the 


nearest inputs and nearest outputs. As an example, con- 
sider the table below. 


If the input value was one of those listed then there 
would be no problem. Unfortunately the real world is 
never so kind. The input number will probably be 259 
or something similar. If this is the case linear interpola- 
tion would provide a reasonable result. The formula is: 


Delta Out = UpperOutput·Lower Output '(Actual Input-Lower Input) 
Upper Input-Lower Input 


Actual Output = Lower Output + Delta Out 


For the value of 259 the solution is: 


Delta Out = 900-400 '(259-200) = 500 '59 = 5 ' 59 = 295 
300-200 
100 
Actual Output = 400 + 295 = 695 


To make the algorithm easier, (and therefore faster), it 
is appropriate to limit the range and accuracy of the 
function to only what is needed. It is also advantageous 
to make the input step (Upper Input-Lower 
Input) 


equal to a power of 2. This allows the substitution of 
multiple right shifts for a divide operation, thus speed- 
ing up throughput. The 8096 allows multiple arithmetic 
right shifts with a single instruction providing a very 
fast divide if the divisor is a power of two. 


For the purpose of an example, a program with a 12-bit 
output and an 8-bit input has been written. An input 
step of 16 (ZO·4) was selected. To cover the input range 
17 words are needed, 255/16 + I word to handle val- 
ues in the last 15 bytes of input range. Although only 
12 bits are required for the output, the 16-bit architec- 
ture offers no penalty for using 16 instead of 12 bits. 


The program for this example, shown in Listing 3-2, 
uses the definitions and equates from Listing 3-1, only 
the additional equates and definitions are shown in the 
code. 


Input Value 
Relative 
Table Address 
Table Value 
100 
0001H 
100 


200 
0002H 
400 


300 
0003H 
900 


400 
0004H 
1600 


IN 
VALl 


TAiLE 
LON_ 


TABLE-HIGHI 


IN 
DIPt 


IN-DIPS 
"Ai 
DIP. 
ou,.-; 
RISULT. 
OUT_OIPI 


1 
1 
1 
1 
IN 
DJP 
1 
1 
1 
1 


I 
Upper 
Input 
- 
Lower 
Input 
.byte 
, 
upper 
Output 
- 
Lover 
Output 


inter 


lookl 
Loa 
saRB 
ANDB 


L08ZS 
Lo 


Lo 


sua 


AN DB 


L08ZE 


MUL 


SHRAL 


ADD 


SHRA 


ADDC 


no - 1 nc: 
ST 


a. 


AL, 
1M 
VAL 
AL, 
'3- 
AL. 
111111110a 


Load 
t •• p 
with 
Actual 
Value 
Oivide 
the 
byte 
by 
• 
In.ure 
At 
1 •• 
word 
addr 
••• 
Yht 
•• 
ffectively 
diyid 
•• 
AL 
by 
2 
ao 
At 
• 
IN_VAL/l' 


Load 
byte 
AL 
to 
word 
AX 
(AX) 
, 
TABLE 
LOW 
1. 
10ade4 
with 
the 
value 
, 
In 
the 
table 
at 
table 
location 
AX 


(TAaLB+ 
2) IAXI,,, 


, 
TABLB 
HIGH 
1. 
loaded 
with 
the 
value 
in 
the 
tabla 
at 
table 
location 
AX+2 
(The 
ne.t 
value 
In 
the 
table) 


If the function is known at the time of writing the soft- 
ware it is also possible to calculate in advance the 
change in the output function for a given change in the 
input. This method can save a divide and a few other 
instructions at the expense of doubling the size of the 


OUT_DIF, 
IN_DIP, 
TAB 
DIP , 
I 
OUT_DIP, 
I. 
I 


1 
1 
1 
1 
IN 
DIP 
1 
1 
1 


IN 
0Ir.-le.at 
alqnlflcant 
4 
bit. 
01 
IN 
VAL 
Load 
byte 
tN_DIP. 
to 
word 
IN 
DIP 


Output 
ditference 
• 
Input-difference-Table 
difference 
Divide-by 
16 
(2··4) 


Add 
output 
difference 
to 
output 
98nerated 
with 
truncated 
IN 
VAL 
.a 
input 
- 
Round 
to 
12-bi 
t 
anawer 


c.eg 
AT 
21 0 011 


table, 
oClI 
ooOoR. 
200 OK. 
1400B. 
4COOII 
DClI 
5000K. 
6AOoH. 
720 OH , 
HOOH 
DClI 
7BooH. 
7oooH. 
7,00H. 
6000H 
OCII 
50008. 
4B008. 
3400H. 
2200H 
DClI 
1000H 


END 


lookup table. There are many applications where time 
is critical and code space is overly abundant. In these 
cases the code in Listing 3-3 will work to the same 
specifications as the previous example. 


IN 
VAL. 
TAiLE 
LOWI 
TA8LI:INCt 
IN 
DIPt 
IM-DIP8 


OUTt 
RESULT, 
OUT_DIPt 


, 
Actual 
Input 
Value 
, 
Table 
value 
for 
function 
, 
Incre.ental 
change 
in 
function 
I 
upper 
Input 
- 
Lower 
Input 
.byte 


intJ 


LD. 
5••• 
AIID. 
.., 
,100H 
I 
Inltialt 
•• •• 
to 
top 
of 
Ir ••• 
file 


AL, 
III-VAL 
Load 
t •• p 
with 
Actual 
Value 
AL, ,) 
Divide 
the 
byte 
by • 
AL, 
'11111110. 
1~~r~eet~e~tl:er;·~I:f~~:·IL 
by 
2 
eo 
AL . III 
VAL/U 
AI, 
AL 
Load 
byte 
AL 
to 
word 
AI 


YABLB 
tHe 
1. 
loaded 
with 
the 
value 
In 
thi 
lner 
••• 
nt 
tabl." 
at 
location 
AX 


MUL 
OUT_DIP, 
IN_DIP, 
TABLa 
(Ne 


J 
output 
dlff.rance 
• 


J 
tnput=dlfferene.·Inete 
•• 
ntal 
change 


IN 
DIre-I 
••• 
t 
algnlflcant 
• 
bit. 
of 
IN 
VAL 
Load 
byte 
IN_DIP. 
to 
wor4 
IN_DIP 


val 
table: 
- 
Dew 
DCIl 
DCIl 
DCIl 
DCIl 
lnc 
t.,blet 


DCIl 
DCIl 
DCIl 
DCIl 


Add 
output 
difference 
to 
output 


geneteted 
'11th 
truncated 
IN 
VAL 
•• 
input 
- 


Round 
to 
12-bl 
t 
an.",et 
Round 
up 
If 
Carry. 
1 


OOOOH, 
5000H, 
7800R, 
5000H, 
1000. 


2000R, 
)400H. 
teOON 
I 
A 
ran40. 
function 
6AOoK, 
7200K, 
1100H 
7000K, 
"oOH, 
6000K 
•• OOR, 
1400B, 
2200B 


By making use of the second lookup table, one word of 
RAM was saved and 16 state times. In most cases this 
time savings would not make much of a difference, but 
when pushing the processor to the limit, microseconds 
can make or break a design. 


02008, 
OOooR, 
00020", 
OrBION, 


01tOR, 
OoloH, 
OFP90N, 
Or1l908, 


OlloH, 
ooloK, 
Orr70H, 
OrBBoH, 


0110. 
00)0. 
orroo. 
OrEaO. 


Intel provides high level language support for most of 
its micro processors and microcontrollers in the form of 
PL/M. 
Specifically, PL/M 
refers to a family of lan- 


guages, each similar in syntax, but specialized for the 
device for which it generates code. The PL/M syntax is 
similar to PL/l, 
and is easy to learn. PLM-96 is the 


version of PL/M 
used for the 8096. It is very code 


efficient as it was written specifically for the MCS-96 
family. PLM-96 most closely resembles PLM-86, al- 
though it has bit and I/O functions similar to PLM-5 I. 
One line of PL/M-code 
can take the place of many 


lines of assembly code. This is advantageous to the pro- 
grammer, since code can usually be written at a set 
number of lines per hour, so the less lines of code that 
need to be written, the faster the task can be completed. 


If the first example of interpolation is considered, the 
PLM-96 code would be written as shown in Listing 3-4. 
Note that version 1.0 of PLM-96 does not support 32- 
bit results of 16 by 16 multiplies, so the ASM-96 proce- 
dure "DMPY" 
is used. Procedure DMPY, shown in 
Listing 3-5, must be assembled and linked with the 
compiled PLM·96 program using RL-96, the relocator 
and linker. The command line to be used is: 


RL96 PLMEXI.OBJ, 
DMPY.OBJ, PLM96.LIB & 


to PLMOUT.OBJ ROM (2080H-3FFFH) 


inter 


DICLAII 
IN 
VAL 
11010 
.UILIC, 
DICLAIB 
'l'AiL.-LOll 
IN'I'.G.I 
.UILIC, 
DICLAI. 
'l'AILB 
HIGH 
IN'I'.G.I 
.UILIC, 
D.CLAI. 
'l'AIL.-DIP 
IN'I'.G•• 
.UILIC, 
DICLAIB 
OU'I' - 
lIl'l'IG•• 
.UILIC, 
DBCLAIB 
•• SUL'I' 
IN'I'.G•• 
.UILIC, 
D.CLA 
•• 
OU'I' DIP 
LOllGln' 
.UILIC, 
DICLAI. 
'l'INP 
1010 
.UILIC, 


DICLAII 
'l'AILI(171 
oOOOH, 
2000", 
50 DOH , 
'AOoH, 
1aOOH, 
7oooH, 
500oH 
•• 
aOOH, 
1000HI, 


III".G.. 
0""" 
1400H, 
CCOOR. 
7200H, 
710011. 
"ooH, 
,oooa, 
l400H, 
2200M, 


OMPY, 
PROC.OU 
•• 
(A,B) 
LO.GI.~ aXY.RNAL. 
DECLARS 
(A,a) 
1 ••• 
8G •• 
, 
END 
OMPY, 


/* 
If 
-'l'IMp· w •• 
r.placed 
by 
-SHaCIN 
VAL,4~· 
/- 
••h. 
cod. 
would 
work 
but 
the 
10" 
would 
/- 
do 
two 
.hitt. 


'I'''IL._DIP-'I'''ILI_NIGII-'I'''.L. 
LOll, 


OU'I'_DIP-DNn 
('I'''.L._DIr,81GN.D(lN_V''L 
"liD 
Drill I 
/16, 


OUT-SAR«YA8LB_LOW+OU'l'_DIr),4), 
Ie 
SAa 
p.rtota. 
an 
'eitha.tic 
right 
Ihitt, 
in 
thl. 
ca •• 
4 
pl.c 
••• 
t. 
ahitt.d 
*' 


IF 
CARRY-O 
YR8N 
.8S0L'1'-OU'1', 
Ie 
O.lng 
the 
hardw.r. 
f18" 
.uat 
b. 
don. 
./ 
BLSB 
.BaDLY-OUT+l, 
1* 
with 
car. 
to 
.n.Ut. 
the 
fl., 
1. 
t •• 
t.d 
*/ 
Ie 
In 
the 
d •• lr.d 
In.tructlon 
•• qu.nc. 
*/ 


PUBLIC 
DM'Y 


DMPY 
I 
.OP 
PL"RBG+. 
POP 
PLNR&G 
IlUL 
PLMRBG, 
(IPI+ 
.1 
(.LIlIIG.C) 
BND 


, 
Lo.d 
return 
.44r 
••• 
, 
Lo.d 
one 
oper.nd 
, 
Lo.d 
•• cond 
oper.nd 
.nd 
incr 
••• 
nt 
Sf 


Using PLM, code requires less lines, is much faster to 
write, and easier to maintain, but may take slightly 
longer to run. For this example, the assembly code gen- 
erated by the PLM-96 compiler takes 56.75 microsec- 
onds to run instead of 30.75 microseconds. If PLM-96 
performed the 32-bit result multiply instead of using 
the ASM-96 routine the PLM code would take 41.5 
microseconds 
to run. The actual 
code listings are 


shown in Appendix A. 


One of the most frequent uses of the HSI is to measure 
the time between events. This can be used for frequency 
determination in lab instruments, or speed/acceleration 
information when connected to pulse type encoders. 
The code in Listing 3-6 can be used to determine the 
high and low times of the signals on two lines. This 
code can be easily expanded to 4 lines and can also be 
modified to work as an interrupt routine. 


Frequently it is also desired to keep track of the num- 
ber of events which have occurred, as well as how often 
they are occurring. By using a software counter this 
feature can be added to the above code. This code de- 
pends on the software responding to the change in line 
state before the line changes again. If this cannot be 
guaranteed then it may be necessary to use 2 HSI lines 
for each incoming line. In this case one HSI line would 
look for falling edges while the other looks for rising 
edges. The code in Listing 3-7 includes both the counter 
feature and the edge detect feature. 


The uses for this type of routine are almost endless. In 
instrumentation it can be used to determine frequency 
on input lines, or perhaps baud rate for a self adjusting 
serial port. Section 4.2 contains an example of making a 
software serial port using the HSI unit. Interfacing to 
some form of mechanically generated position informa- 
tion is a very frequent use of the HSI. The applications 
in this category include motor control, precise position- 
ing (print heads, disk drives, etc.), engine control and 


RIGH 
~I"B. 
de. 
LOW 
71MB. 
da. 
PERIOD. 
da" 
Rt 
BDGB, 
4 •• 
LO:ZDCB. 
da • 


LD 
LOS 
LOS 


v.l 
t • 
ADD 
JSS 
JSC 


continI 
LOS 


LD 


JSS 


hal -10. 
S'f 
SUS 
S. 


hal -hi • 
S'f 
SUS 
S. 


eND 


• P, 
'1008 
1OC 0, 
1000000018 
BS1_NOOB, 
100001111S 


..RIoo, 
BICB 
71MB, 
LOW 
71M. 
JoSl, 
a, 
contin 
• 
If 
FIFO 
1. 
full 
1081, 
7, 
.alt 
• 
W.lt 
while 
no 
pul 
•• 
1. 
entered 


8., 
BSI_Ift 
•• 


AL, 
1, 
hal_hi 


Load 
.tatue, 
.ote 
that 
~ •• dln9 


HII_7IMB 
cl •• r. 
RSI_8YA'rUS 


, 
Load 
the 
HBI_Ift 
•• 


I 
JUBp 
If 
BS1.0 
la 
high 


8X, 
LO 
BOGa 
RIGR 
'rIMa, 
LO 
BDGB, 
Ht 
10CB 
•• It- 


8X, 
Ht 
aDca 
LOW 
'rJMa, 
St 
aDoa, 
Lo_aDca 
"alt 


inter 


transmission control. The HSI unit is used extensively 
in the example in section 4.3. 


Although the HSO has many uses, the best example is 
that of a multiple PWM output. This program, shown 
in Listing 3-8, is simple enough to be easily understood, 
yet it shows how to use the HSO for a task which can 
be complex. In order for this program to operate, an- 
other program needs to set up the on and off time vari- 
ables for each line. The program also requires that a 


HSO line not change so quickly that it changes twice 
between consecutive reads of I/O 
Status Register 0, 


(IOSO). 


A very eye catching example can be made by having the 
program output waveforms that vary over time. The 
driver routine in Listing 3-10 can be linked to the above 
program to provide this function. Linking is accom- 
plished using RL96, the relocatable linker for the 8096. 
Information 
for using RL96 can be found 
in the 


"MCS-96 Utilities Users Guide",listed 
in the bibliogra- 


phy. In order for the program to link, the register dec- 


TIMB. 
DIN 
LAST 
RJ8BI 
OSN 
LASY-PALL, 
OSW 
RBI 
iOI 
os. 


J08I 
SAKI 
OSB 


PERIODI 
01. 
LON 
TIMB, 
DSN 
HIGH 
TIME. 
DSN 
COUNi. 
DSN 


c •• g 
o. 


t nit 
I 
LD 


LDB 


LDB 
LDB 


vat 
t I 
AMDB 
ORB 


JBC 


AN08 
LD 


JBS 
JBS 
BR 


0 - 


I[ i a. I 
SUB 
SUB 
LD 
BR 


0-fall 
1 
SU B 
SUB 
LD 


tnee 
••• 
ntl 


INC 


no-CRt: 
BO 


END 


•• 
t 
hal.l 
-J 
hal.O 
+ 
anabl. 
hat 
0,1 
72 
CLOCI-Y2CLI, 
72.87-72.87 
CI •• 
t 
tt •• 
t2 


CI.ar 
10sl 
BAIL7 
Stora 
into-t.ap 
to 
avoid 
cl •• ring 


other 
flag. 
which 
•• y 
be 
n •• 4e4 
If 
hat 
1_ 
not 
triggered 
then 
1 uap 
to 
",a 1 t 


HSt 
SO,O,. 
rl •• 
H5t-SO,2,.-'all 
nO_CRt 
- 


LOW 
TIME, 
TIMI, 
LAST 
PALL 
PERiOD, 
TIMB,LAST 
RISa 
LAST 
RISI, 
TIMB 
- 


tRee 
•• 
ent 


HIGH 
TIME, 
TIMI, 
LAST 
RISE 
PERIOD, 
TIME,LAST 
PALL 
LAST_PALL, 
TIME 
- 


HSO 
OM 
Oa 
OS" 
HSO-OFr 
Oa 
OSW 
H5o-OM 
I 
I 
DSW 
HSO-OFr 
1 
a 
OSW 
OLO-STAYa 
dab 
NS.=STA" 
a 
dab 


LO 
LO 
LO 
LO 
LO 
ANOB 
XORa 


• tore 
atata 
- 
ANDB 
CMPB 
JZ 
lolta 


check 
0 r 


J8C 
J8S 


set_on 
01 


Lo8 
ADD 
88 


check 
1 a 


J8C 
J8S 


.et_on 
11 
Lo8 
ADD 
88 


8P,,100H 
HSO 
ON 
0, 
,100R 
HSO-OFf 
0, 
,400H 
HSO-ON 
I, 
'210H 
HSo-oPP 
1. 
I2IOH 
oLo-s"ai, 
1080, 
,OPH 
OLD=STAT, 
,oFH 


S.t 
'nltlal 
valu 
•• 
Not. 
that 
tl ••• 
eu.t 
b. 
lon'g 
.nough 
to 
allow 
th. 
routine 
to 
run 
after 
each 
11 n. 
chanqe. 


For 
opperation 
with 
interrupt. 
'atore 
.tata' 
would 
be 
the 


entry 
point 
of 
the 
routine. 
- 
Mote 
that 
a 
01 
or 
PUSHF 
eight 
have 
to 
b. 
added 
• 


NEW 
STA7, 
1050, 
torK 
OLD-STAT. 
NEW_5"A" 
walt 
OLD_STAT, 
NEW_STAT 


HSO 
COMMAND, 
'001100008 
HSO-TIME, 
"IMERI, 
HSo_OFF 
0 
check_l 


Set 
1150 
for 
ti.erl, 
set 
pin 
0 


Tiee 
to 
set 
pin· 
Ti.erl 
value 


+ 
Ti •• 
for 
pin 
to 
be 
loy 


Set 
HSO 
for 
ti.erl, 
clear 
pin 
0 


"i.e 
to 
clear 
pin· 
Tl.erl 
value 


+ 
Tl.e 
for 
pin 
to 
be 
hlqh 


HSO 
COMMAND, 
'00110001. 
HSO-7IMB, 
TIMBal, 
R50 
OPF 
check_done 
- 


S.t 
HIO 
for 
tl •• rl, 
cl •• r 
pin 
1 


TI •• 
to 
cl •• r 
pin. 
Tl •• rl 
value 


+ 
Tl •• 
for 
pin 
to 
b. 
high 


Listing 3·8. Generating a PWM with the HSO 


5-26 


inter 


laration section (i.e., the section between "RSEG" and 
"CSEG") 
in Listing 3-8 must be changed to that in 


Listing 3-9. 


quency twice that of the first one. A slightly different 
driver routine could easily be the basis for a switching 
power supply or a variable frequency/variable 
voltage 


motor driver. The listing of the driver routine is shown 
in Listing 3-10. 
The driver routine simply changes the duty cycle of the 
waveform and sets the second HSO output to a fre- 


NOTE: 
Use 
this 
file 
to 
replace 
the 
declaration 
section 
of 
the 
HSO 
PWM 
pro9r 
•• 
fro. 
-$INCLUDE(DEM096.INC)- 
throuqh 
the 
line 
prior 
to 
the 
label 
·valt-. 
Alao 
chanqe 
the 
last 


branch 
In 
the 
proq' 
•• 
to 
• 
-RET-. 


o 
STATa 


extrn 
extrn 
extrn 
•• 
ten 
exten 


HSO 
ON 
0 
850-0N-l 
HSO-TIMS 
1'IMiRl 
SP 


.word 
Iword 
,word 
• .,ord 


tword 


I 
HSO 
op" 
0 
.vord 
H50-0P"-1 
: word 
HSO-COMMANO 
tbyte 
1080 
tbyte 


public 
OLD 
STAT 
OLD 
STAT, 
- 
dab 
NEW:STATI 
dab 


PUBLIC 
PUBLIC 
PUBLIC 
PU 8 LIe 


HSO 
ON 
0 
, 
HSO 
opr 
0 
850-0N-l 
, 850-0""-1 
HSO-TIME 
, 
HSO-COMMAND 
SP 
: 
TIMBRI 
, 
1050 


HSO 
ON 
0, 
da. 
HsO-Opr 
01 
d." 
H5o-ON 
'i. 
et." 
HSO-OPF 
11 
da. 
count. 
- 
dab 


BXT." 
•• It 
,entry 


• t r t I 
01 
LO 
SP, 
II 0oH 
AMOB 
OLD -8TAT, 
1010, 
,ora 
XORB 
OLD - 
SorA,. , 
,orH 


1 n 1 t 1 a1 I 


LD 
ex, 
,olooM 


loopl 
LD 
AX, 
lIoooH 
sua 
BX, 
AX, 
ex 
LD 
AX. 
ex 


ST 
AX, 
HSO -OM 
0 
ST 
ax • 
HSO -orr -0 


inter 
Using the 8096 


SRR 
AX.,1 
SRa 
BX,'l 
ST 
AX, 
"SO 
ON 
1 
ST 
8X, 
HSO:OPP_l 


INC 
ex 
eMP 
ex, 
,oorOOR 
8MB 
loop 


Since the 8096 needs to keep track of events which of- 
ten repeat at set intervals it is convenient to be able to 
have Timer 2 act as a programmable modulo counter. 
There are several ways of doing this. The first is to 
program 
the HSO to reset Timer 2 when Timer 2 
equals a set value. A software timer set to interrupt at 
Timer 2 equals zero could be used to reload the CAM. 
This software method takes up two locations in the 
CAM and does not synchronize Timer 2 to the external 
world. 


To synchronize Timer 2 externally the T2 RST (Timer 
2 ReSeT) pin can be used. In this way Timer 2 will get 
reset on each rising edge of T2 RST. If it is desired to 
have an interrupt generated and time recorded when 
Timer 2 gets reset, the signal for its reset can be taken 
from HSI.O instead of T2RST. The HSI.O pin has its 
own interrupt vector which functions independently of 
the HSI unit. 


Another option available is to use the HSI.l 
pin to 
clock Timer 2. By using this approach it is possible to 
use the HSI to measure the period of events on the 
input to Timer 2. If both of the HSI pins are used 
instead of the T2RST and T2CLK pins the HSIO unit 
can keep track of speed and position of the rotating 
device with very little software overhead. This type of 
setup is ideal for a system like the one shown in Figure 
3-1, and similar to the one used in section 4.3. 


In this system a sequence of events is required based on 
the position of the gear which represents any piece of 
rotating machinery. Timer 2 holds the count of the 
number of tooth edges passed since the index mark. By 
using HSI.l 
as the input to Timer 2, instead of T2 
CLK, it is possible to determine tooth count and time 
information through the HSI. From this information 
instantaneous velocity and acceleration can be calculat- 
ed. Having the tooth edge count in Timer 2 means 
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inter 


that the HSO unit can be used to initiate the desired 
tasks at the appropriate tooth count. The interrupt rou- 
tine initiated by HSI.O can be used to perform any soft- 
ware task required every revolution. In this system, the 
overhead which would normally require extensive soft- 
ware has been done with the hardware on the 8096, 
thus making more software time available for control 
programs. 


Mode I of the serial port supports the basic asynchro- 
nous 8-bit protocol and is used to interface to most 
CRTs and printers. The example in Listing 3-11 shows 
a simple routine which receives a character and then 


transmits the same character. The code is set up so that 
minor modifications could make it run on an interrupt 
basis. Note that it is necessary to set up some flags as 
initial conditions to get the routine to run properly. If it 
was desired to send 7 bits of data plus parity instead of 
8 bits of data the PEN bit would be set to a one. Inter- 
processor communication, as described in section 2.3.4, 
can be set up by simply adding code to change RB8 and 
the port mode to the listing below. The hardware 
shown in Figure 3-2 can be used to convert the logic 
level output of the 8096 to ± 12 or 15 volt levels to 
connect to a CRT. This circuit has been found to work 
with most RS-232 devices, although it does not con- 
form to strict RS-232 specifications. If true RS-232 
conformance is required then any standard 
RS-232 


driver can be used. 
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The code in Listing 3-12 makes use of the software flags 
to implement a non-interrupt 
driven routine which 


scans A to D channels 0 through 3 and stores them as 
words in RAM. An interrupt driven routine is shown in 
section 4.1. When using the A to D it is important to 
always read the value using the byte read commands, 
and to give the converter 8 state times to start convert- 
ing before reading the status bit. 


Since there is no sample and hold on the A to D con- 
verter it may be desirable to use an RC ftIter on each 
input. A lOon resistor in series with a 0.22 uf capacitor 
to ground has been used successfully in the lab. This 
circuit gives a time constant of around 22 microseconds 
which should be long enough to get rid of most noise, 
without overly slowing the A to D response time. 


4.0 ADVANCED 
SOFTWARE 
EXAMPLES 


Using the 8096 for applications which consist only of 
the brief examples in the previous section does not 


really make use of its full capabilities. The following 
examples use some of the code blocks from the previous 
section to show how several I/O features can be used 
together to accomplish a practical task. Three examples 
will be shown. The first is simply a combination of sev- 
eral of the section 3 examples run under an interrupt 
system. Next, a software serial port using the HSIO 
unit is described. The concluding example is one of in- 
terfacing the HSI unit to an optical encoder to control a 
motor. 


4.1. Simultaneous 
I/O Routines under 


Interrupt 
Control 


A four channel analog to PWM converter can easily be 
made using the 8096. In the example in Listing 4 ana- 
log channels are read and 3 PWM waveforms are gen- 
erated on the HSO lines and one on the PWM pin. 
Each analog channel is used to set the duty cycle of its 
associated output pin. The interrupt system keeps the 
whole program humming, providing time for a back- 
ground task which is simply a 32 bit software counter. 
To show which routines are executing and in which 
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order, Port I output pins are used to indicate the cur- 
rent status of each task. The actual code listing is in- 
cluded in Appendix B. 


be waited between consecutive loads of the HSO. If this 
is not done it is possible to overwrite the contents of the 
CAM holding register. An AID interrupt is forced by 
setting the bit in the Interrupt Pending register. This 
causes the first AID interrupt to occur just after the 
Interrupt 
Mask register is set and interrupts are en- 


abled. 


The initialization section, shown in Listing 4-la, clears 
a few variables and then loads the first set of on and off 
times to the HSO unit. Note that 8 state times must 
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The HSO routine shown in Listing 4-1b is slightly dif- 
ferent than the one in section 3. All of the HSO lines 
turn on at the same time, only the turn-off-time is var- 
ied between lines. This action is what is most common- 
ly required for multiple PWM outputs and simplifies 
the software. A comparison is made between Timerl 
and the next HSO turn on time at the beginning of the 
routine. If the next turn on time has passed, then the 
on-times are loaded into the CAM, otherwise the off 
times are loaded. 


The maximum number of events in the CAM at any 
given time is 7. This occurs when the first line to turn 
off does so, causing the off-times for all of the lines to 
be loaded. For two of the lines there will be an offtime, 
an on-time, and the just loaded off-time. The other line 
(the one that just turned off) will have only the on-time 
and the just loaded off-time. 


AID conversions are performed by the code in Listing 
4-1c about every 60 microseconds, 42 for the conver- 
sion, the rest for overhead. The AID routine sets up the 
HSO and PWM on and off times. Since the AID 


has a ten bit output, the most significant 8 bits are 
rounded up or down based on the least significant two 
bits. 


4.2. 
Software 
Serial Port Using the 
HSIOUnlt 


There are many systems which require more than one 
serial port, an example is a system which must commu- 
nicate with other computers and have an additional 
port for a local console. If the on-board DART is being 
used as an inter-processor link, the HSIO unit can be 
used to interface the 8096 to an additional asynchro- 
nous line. 


Figure 4-1 shows the format of a standard lO-bit asyn- 
chronous frame. The start bit is used to synchronize the 
receiver to the transmitter; at the leading edge of the 
START bit the receiver must set up its timing logic to 
sample the incoming line in the center of each bit. Fol- 
lowing the start bit are the eight data bits which are 
transmitted least significant bit first. The STOP bit is 
set to the opposite state of the START bit to guar- 


inter 


antee that the leading edge of the START bit will cause 
a transition on the line; it also provides for a dead time 
on the line so that the receiver can maintain its syn- 
chronization. 


The remainder of this section will show how a full-du- 
plex asynchronous port can be built from the HSIO 
unit. There are four sections to this code: 
1. Interface routines. These routines provide a proce- 


dural interface between the interrupt driven core of 
the software serial port and the remainder of the ap- 
plication software. 


2. Initialization routine. This routine is called during 


the initialization of the overall system and sets up the 
various variables used by the software port. 


3. Transmit ISR. This routine runs as an ISR (interrupt 


service routine) in response to an HSO interrupt in- 
terrupt. Its function is to serialize the data passed to 
it by the interface routines. 
4. Receive ISRs. There are two ISRs involved in the 


receive process. One of them runs in response to an 
HSI interrupt and is used to synchronize the receive 
process at the leading edge of the start bit. The sec- 
ond receive ISR runs in response to an HSO generat- 
ed software timer interrupt, this routine is scheduled 
to run at the center of each bit and is used to deseri- 
alize the incoming data. 


The routines share the set of variables that are shown in 
Listing 4-2. These variables should be accessed only by 
the routines which make up the software serial port. 


ceve 
atilt., 


rxtdy 
rllOy.reUR 
rip 
rove_but. 
reve 
reg • 


••• 
pr._tl 
•• , 


indicate. 
receive 
done 
Indicate. 
reCIlve 
overflow 
recetve 
in 
progr 
••• 
flag 
uled 
to 
double 
buffer 
receive 
data 
u •• d 
to 
d ••• 
,11ll11 
•• 
receive 
record. 
l •• t 
receive 
••• ple 
tl •• 


•• rial_outl 
dew 
1 
8014. 
the 
output 
charlllcter+fr 
•• lng 
(Itlllrt 
IIInd 
atop 
bitl) 
for 
tran 
•• lt 
proc 
•••• 
baUd_count, 
dav 
1 
Hold. 
the 
period 
of 
one 
bit 
In 
unit. 
of 
.,1 
tick 
•. 
txd_tl 
•• 
, 
dlv 
1 
Yellln.ition 
tl •• 
of 
ta.t 
.,.4 
bit 
that 
w •• 


•• 
nt 
to 
the 
CA.M 
ehart 
dab 
1 
for 
t •• 
t 
only 
, 
, 
COMMANDS 
JSSUaD 
.,0 YR. 
880 
UNIY 


I 
••••••••••••••••••••••••••••••• 
, 


•• 
rk 
co •• 
and 
equ 
Ol10l01b 
ti •• 
rl, 
•• t,intereupt 
on 


ap.ce 
co ••• 
nd 
equ 
OOIOlOlb 
ti •• 
el,clt,int.rrupt 
on 
••• 
ple_co 
••• 
nd 
equ 
OOllOOOb 
aottwaee 
tl •• 
e 
0 


The table also shows the declarations for the com- 
mands issued to the HSO unit. In this example HSI.2 is 
used for receive data and HSO.5 is used for transmit 
data, although other HSI and HSO lines could have 
been used. 


The interface routines are shown in Listing 4-3. Data is 
passed to the port by pushing the eight-bit character 
into the stack and calling char_out, whi,ch waits for 
any in-process transmission to complete and stores the 
character into the variable serial_out. As the data is 


stored the START and STOP bits are added to the data 
bits. The routine char-in 
is called when the applica- 


tion software requires a character from the port. The 
data is returned in the ax register in conformance to 
PLM 96 calling conventions. The routine csts can be 
called to determine if a character is available at the port 
before calling char_in. 
(If no character 
is available 


char_in 
will wait indefinitely). 


The initialization routine is shown in Listing 4-4. This 
routine is called with the required baud rate in the 
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baud_count 
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of 
TIMERI ticks. An HSO command is issued which will 
initiate the transmit process and then the remainder of 
the variables owned by the port are initialized. The rou- 
tine init_receive is called to setup the HSI unit to look 
for the leading edge of the START bit. 


The transmit process is shown in Listing 4-5. The HSO 
unit is used to generate an output command to the 
transmit pin once per bit time. If the serial_out regis- 
ter is zero a MARK (idle condition) is output. If the 
serial_out 
register contains data then the least sig- 


nificant bit is output and the register shifted right one 
place. The framing information (START and STOP 
bits) are appended to the actual data by the interface 
routines. Note that this routine will be executed once 
per bit time whether or not data is being transmitted. It 
would be possible to use this routine for additional low 
resolution timing functions with minimal overhead. 


The receive process consists of an initialization routine 
and 
two 
interrupt 
service 
routines, 
hsi_isr 
and 


software_timer _isr. The listings of these routines are 
shown in Listings 4-6a,4-6b, and 4-6c respectively. The 


I 
haa 
lac; 
I 
pl.lda 
the 
hao 
inteerupts 
and 
peclor 
•• 
the 
a.cl.11z.tlon 
of 
the 
data. 


I 
Note; 
this 
routln. 
vould 
be 
incorporated 
into 
the 
hao 
•• rvice 
atrategy 
for 
an 


I 
actual 
ayat 
••• 


0··9 
P ua h f 
add 
e.p 
be 
ohe 
be 
aend 
apace; 
ldb 
ld 
be 
•• 
nd 
•• 
rks 
ldb 
ld 


t.d 
tt •• 
,baud 
count 
aerI.I 
Gut,O 
- 
I 
if 
character 
1. 
done 
•• nd 
a 
.ark 
•• nd 
.irk 
•• rlil 
out,.t 
,ei 
•••• 
nd 
bit 
0 
of 
.erlal 
out 
and 
.hift 
aend_a.rk 
I 
•• rlal_out 
left 
one 
place. 


hao 
co ••• 
nd,lapace 
co ••• 
nd 
hao-tia.,txd 
ti •• 
- 
hao:lar_ 
•• tt- 


hao_lar 
•• 
It, 


popl 
eet 


I 
Inlt 
receival 


, 
Carled 
to 
prepare 
the 
aerial 
input 
proce 
•• 
to 
find 
the 
1.ad1n9 
edge 
of 


J 
• 
atart 
bit. 


I 


Idb 
locO.IOOOOOOOOb 
diaconnect 
chanqe 
detector 
Idb 
hai_aode,IOOlOOOOOb 
negative 
edge. 
on 
HSI.2 
flush 
fifol 
orb 
10al 
aave,ioal 
bbc 
ioal-aave,7,fluah 
filo 
done 
ldb 
al,hi, 
atatua 
- 


Id 
a.,hai-tl.. 
tr.ah 
the 
fifo 
entry 
.ndb 
ioal_a.ve,lnot(IOh} 
clear 
bit 
7. 


br 
fluah 
fito 
fluah 
flfo 
donez 
- 
Idb 
tocO,IOOOlOOOOb 
I 
connect 
H91.2 
to 
detector 
ret 


inter 


I 
h.1 
1. r t 


J 
,f.lda 
interrupts 
tro. 
the 
H51 
unlt, 
ueed 
to 
detect 
the 
leading 
edge 
, 
of 
the 
START 
bi 
t 
• 
Notel 
this 
routine 
would 
be 
incorporated 
Into 
the 
H51 
atrategy 
of 
an 
actual 
, 
ayate 
•• 
, 


C •• 
II) 
puahf 
puah 
ldb 
ld 
bbe 
bbo 
ld 
shr 
odd 
ldb 
ot 
ldb 
exit 
hall 
pop 
pop! 
ret 


o. 
al,hal 
atatu 
• 
••• pt.-ti 
•• , •.••• tie. 
sl,4,.ilt 
hal 
10aO,7,$ 
- 
•• ,baud 
count 
••,'1 
- 
••• 
ple 
tt •• , •• 
hlo 
co •• and,I ••• ple 
co ••• nd 
••• ple 
tl•• ,h80 
ti •• 
loeO.,OOOOOOOOb- 


,,.It 
for 
•• nd 
out 
bit 
tl •• 


, 
80ftware 
tl •• , 
larl 
I 
Plald.-the 
80ft"are 
tla.r 
tnterrupt, 
ua.d 
to 
d.l.rl.l1al 
the 
lnco 
•• lng 
data. 
I 
Notel 
thl. 
routine 
vould 
b. 
incorporated 
Into 
the 
lolt"are 
tl •• r 
atat89Y 


J 
In 
an 
actual 
Iyat 
••• 


I 


caeC) 
puahf 
orb 
andb 
andb 
bno 
proc 
••• 
atart 
bbe 
call 
br 
atart 
oks 
orb 
br 


proee 
•• 
data, 
bbo 
shtb 
bbe 
orb 
dat8aerol 


oddb 
br 


check 
Itopblt, 
bbe 
ldb 
orb 
andb 
e.ll 
br 


10al 
e.ve.10el 
loel-.aye.'not(olh) 
b.reve 
atate.,ofeh 
proeee. 
data 
b1 t. 
- 
hel 
atatue,5,atart 
ok 
init 
reeelye 
aoftvare_ti.ar_e.it 


fey. 
atate,7,eheek 
atopblt 
reye-rag,,1 
hel 
.tatua,5,data.efo 
reye_reg,fIOh 
, e.t 
the 
nev 
data 
bit 


hel 
atatua,5,' 
, DBBUG 
ONLY 
rey; 
buf,reye 
re9 
reve-etate,'rirdy 
rev.-.tate,,03h 
, Clear 
all 
but 
ready 
and 
overrun 
blta 
lnlt-reeelve 
aoftvare_tl.er_e.it 


aehedule 
••• ple. 


bbe 
10ao,7,$ 
, valt 
for 
holdln9 
reg 
e.pty 
Idb 
hao 
eo •• and,'a •• ple 
eo •• and 
add 
ea.Pl. 
ti •• ,baud 
count 
.t 
aa.ple=ti 
•• ,heo_tl •• 


aoft.are 
t1.er 
e.lt. 
popf 
rot 


inter 


start is detected by the hsi_isr which schedules a soft- 
ware timer interrupt in one-half of a bit time. This first 
sample is used to verify that the START bit has not 
ended prematurely (a protection against a noisy line). 
The software timer service routine uses the variable 
rcve_state to determine whether it should check for a 
valid START bit, deserialize data, or check for a valid 
STOP bit. When a complete character 
has been re- 
ceived it is moved to the receive buffer and init_receive 
is called to set up the receive process for the next char- 
acter. This routine is also called when an error (e.g., 
invalid START bit) is detected. 


Appendix C contains the complete listing of the rou- 
tines and the simple loop which was used to initialize 
them and verify their operation. The test was run for 
several hours at 9600 baud with no apparent malfunc- 
tion of the port. 


4.3. 
Interfacing 
an Optical Encoder to 
the HSI Unit 


Optical encoders are among one of the more popular 
devices used to determine position of rotating equip- 
ment. These devices output two pulse trains with edges 
that 
OCCU{ from 2 to 4000 times a'revolution. 


Frequently there is a third line which generates one 
pulse per revolution for indexing purposes. Figure 4-2 
shows a six line encoder and typical waveforms. As can 
be seen, the two waveforms provide the ability to deter- 
mine both position and direction. Since a microcontrol- 
ler can perform real time calculations it is possible to 
determine velocity and acceleration from the position 
and time information. 


Interfacing to the encoder can be an interesting prob- 
lem, as it requires connecting mechanically generated 
electrical signals to the HSI unit. The problems arise 
because it is difficult to obtain the exact nature of the 
signals under all conditions. 


The equipment used in the lab was a Pittman 9400 se- 
ries gearmotor with a 600 line optical encoder from 
Vernitech. The encoder has to be carefully attached to 
the shaft to minimize any runout or endplay. Fortu- 
nately, Pitmann 
has started marketing their motors 


with ball bearings and optical encoders already in- 
stalled. It is recommended that the encoder be mounted 
to the motor using the exact specifications of the encod- 
er manufacturer and/or a good machine shop. 


CLOCKWISE 


PHASEA~ 


COUNTERCLOCKWISE 


PHASEA~ 


PHASEB~ 


Digital filtering external to the 8096 is used on the en- 
coder signals. The idealized signals coming from the 
encoder and after the digital filter are shown in Figure 
4-3. The circuitry connecting the encoder to the 8096 
requires only two chips. A one-shot constructed 
of 


XOR gates generates pulses on each edge of each sig- 
nal. The pulses generated by Phase A are used to clock 
the signal from Phase B and vice versa. The hardware is 
shown in Figure 4-4. CMOS parts are used to reduce 
loading on the encoder so that buffers are not needed. 
Note that T2CLK is clocked on both edges of both 
filtered phases. 


By using this method repetitive edges on a single phase 
without an edge on the other phase will not be passed 
on to the 8096. Repetitive edges on a phase can occur 
when the motor is stopped and vibrates or when it is 
changing direction. The digital filtering technique caus- 
es a little more delay in the signal at slow speeds than 
an analog filter would, but the simplicity trade off is 
worthwhile. The net effect of digital filtering is losing 
the ability to determine the first edge after a direction 
change. This does not affect the count since the first 
edge in both directions is lost. 


NOTES: 
Phase A' is Phase A clocked by Phase B 
Phase B' is Phase B clocked by Phase A 


If it is desired to determine when each edge occurs be- 
fore filtering, the encoder outputs can be attached di- 
rectly to the 8096. As these would be input signals, Port 
o is the most likely choice for connection. It would not 
be required to connect these lines to the HSI unit, as 
the information on them would only be needed when 
the motor is going very slowly. 


The motor is driven using the PWM output pin for 
power control and a port pin for direction control. The 
8096 drives a 7438 which drives 2 opto-isolators. These 
in turn drive two VFETs. A MOV (Metal Oxide Varis- 
tor, a type of transient absorber) is used to protect the 
VFETs, and a capacitor ftlters the PWM to get the best 
motor performance. Figure 4-5 shows the driver cir- 
cuitry. To avoid noise getting into the 8096 system, the 
± 15 volt power supply is isolated from the 8096 logic 
power supply. 


This is the extent of the external circuitry required for 
this example. All of the counting and direction detec- 
tion are done by the 8096. There are two sections to the 
example: driving the motor and interfacing to the en- 
coder. The motor driver uses proportional control with 


some modifications and a braking algorithm. Since the 
main point of this example is I/O interfacing, the mo- 
tor driver will be briefly described at the end of this 
section. 


PWM 


(POWER) 


P2.7 


(DIRECTION) 


In order to interface to the encoder it is necessary to 
know the types of waveforms that can be expected. The 
motor was accelerated and decelerated many times us- 
ing different maximum voltages. It was found that the 


D-T2CLK 


HsI2,3 


PHASE 
A' 


motor would decelerate smoothly until the time be- 
tween encoder edges was around 100 microseconds. At 
this point the motor would either continue to decelerate 
slowly, or would suddenly stop and reverse. The latter 
case is the one that was most problematic. 


After a brief overview, each section of the program will 
be described separately, with the complete listing in- 
cluded in the Appendix D. In order to make debugging 
easier, as well as to provide insight into how the pro- 
gram is working, I/O port I is used to indicate the 
program status. This information consists of which rou- 
tine the program is in and under which mode it is oper- 
ating. The main program sections are: Main loop, HSI 
interrupt, Timer 2 check, and Motor drive. There are 
also minor sections such as initialization, timer over- 
flow handling, and software timer handling. Tying ev- 
erything together is some overhead and glue. Where the 
glue is not obvious it will be discussed, otherwise it can 
be derived from the listings. 


The program is a main loop which does nothing except 
serve as a place for the program to go when none of the 
interrupt routines are being run. All of the processing is 
done on an interrupt basis. 


There are three basic software modes which are in- 
voked depending on the speed of the motor. The modes 
referred to as 0, I and 2, in order from slowest to fastest 
operation. When the program is running the operating 


mode is indicated by the lower 2 bits of Port I, with the 
following coding: 


P1.0 
P1.1 
Mode 
Description 
0 
0 
0 
HSI looks at every edge 
1 
0 
1 
HSI looks at Phase A edges only 


0 
1 
2 
Timer 2 used instead of HSI 


1 
1 
2 
(alternate 
form of above) 


The example is easiest to see if mode 2 is described first, 
followed by mode I then mode O.In mode 2 Timer 2 is 
used to count edges on the incoming signal. A software 
timer routine, which is actually run using HSO.O, uses 
the Timer 2 value to update a LONG (32-bit) software 
counter labeled POSITION. The HSO routine runs ev- 
ery 260 microseconds. The HSO.O interrupt is used in- 
stead of an actual software timer because of the ability 
to easily unmask it while other software timer routines 
are running. 


In the code in Listing 4-7, the mode is first determined. 
For the first pass ignore the code starting with the label 
in_made_i. 
Starting with in_made-.-2 the counter is 


incremented or' decremented based on bit zero of DI- 
RECT. If DIRECT.O = 0 the motor is going back- 
ward, if it is a I the motor is going forward. Next the 
count difference is checked to see if it is slow enough to 
go into mode I. If not the routine returns to the code it 
was running when the interrupt occurred. 
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If the pulse rate is slow enough to go to mode I, the 
transition is made by enabling HSI.O and HSI.I. Both 
of these lines are connected to the same encoder line, 
with HSI.O looking for rising edges and HSI.I looking 
for falling edges. The HSI_T/ME 
register is read to 


speed up clearing the HSI FIFO and the LAST/_ 
TIME value is set up so the mode I routine does not 
immediately put the program into another mode. The 
HSI FIFO 
is then cleared, the Timer 2 value used 


throughout 
this routine is saved, and the routine re- 


turns. 


This routine still runs in modes 0 and I, but in an 
abbreviated form. The section of code starting with the 
label in_model checks to see if the pulses are coming 
in so slowly that both HSI lines can be checked. If this 
is the case then all of the HSIs are enabled and the 
program returns. This routine is the secondary method 
for going from mode I to mode 0, the primary method 
is by checking the time between edges during the HSI 
routine, which will be described later. 


The HSO routine will enable mode 0 from mode 1 if 
two edges are not received every 260 microseconds. The 
primary method, (under the HSI routine), can only 


enable mode 0 after an edge is received. This could 
cause a problem if the last 2 edges on Phase A before 
the encoder stops were too close to enable mode O. If 
this happened, mode 0 would not be enabled until after 
the encoder started again, resulting in missed edges on 
Phase B. Using the HSO routine to switch from mode I 
to mode 0 eliminates this problem. 


Figure 4-6 shows a state diagram of how the mode 
switching is done. As can be seen, there are two sources 
for most of the mode decisions. This helps avoid prob- 
lems such as the one mentioned above. 


When either Mode I or Mode 0 is enabled the HSI 
interrupt routine performs the counting of edges, while 
the HSO routine only ensures that the correct mode is 
running. The routines for modes 0 and I share the same 
initialization and completion sections, with the main 
body of code being different. 


The initialization routine is similar to many HSI rou- 
tines. The flags are checked to ensure that the HSI 
FIFO data is valid, and then the FIFO is read. Next, 
the main body of code (for either mode 0 or mode 1) is 
run. At the end time and count values are saved and the 


NOTES: 
Mode 
0: HSI Examines 
edges 
on Phase A and B 
Mode 
1: HSI Examines 
edges 
on Phase A only 
Mode 2: TIMER 
2 stores 
edgecount 
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holding register is checked for another event. Listing 
4-8 contains the initialization and completion sections 
of the HSI routine. 


Listing 4-9 is the main body of the Mode 1 routine. 
Before any calculations are done in Mode I, the incom- 
ing pulse period is measured to see if it is too fast or too 
slow for mode 1. The time period between two edges is 
used so that the duty cycle of the waveform will not 
affect mode switching. If it is determined that Mode 2 
should be set, Port 1.1 is set, all of the HSI lines are 
disabled, and the HSI flfo is cleared. If Mode 0 is to be 
set all of the HSI lines are enabled and the variable 
LASTJTAT 
is cleared. LAST_STAT 
= 0 is used as 


a flag to indicate the first HSI interrupt in Mode 0 after 
Mode 1. After the mode checking and setting are com- 
plete the incremental value in Timer 2 is used to update 


POSITION.The program then returns to the comple- 
tion section of the routine. 


There is a lot more code used in Mode 0 than in Mode 
I, most of which is due to the multiple jump statements 
that determine the current and previous state of the 
HSI pins. In order to save execution time several blocks 
of code are repeated as can be seen in Listing 4-10. The 
first determination is that of which edge had occurred. 
If a Phase A edge was detected the LASTJ_TIME and 
LAST2_TIME variables are updated so a reference to 
the pulse frequency will be available. These are the 
same variables used under Mode 1. A test is also made 
to see if the edges are coming fast enough to warrant 
being in Mode I, if they are, the switch is made. If the 
last edge detected was on Phase B, the information is 
used only to determine direction. 
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After mode correctness is confirmed and the LASTx_ 
TIME values are updated 
the LASTJTAT 
(Last 


Status) variable is used to determine the current direc- 
tion of travel. The POSITION value is then updated in 
the direction specified by the last two edges and the 
status is stored. Note that the first time in Mode 0 after 
being in Mode I, the Mode I done_chk 
routine is used 


to update POSITION, instead of the routines going_ 
fwd and going_rev 
from the Mode 0 section of code. 


The completion section of code is then executed. 


Providing the PWM value to drive the motor is done by 
a routine running under Software Timer 1. The first 
section of code, shown in Listing 4-11a, has to do with 
calculating the position and timer errors. Listing 4-11b 
shows the next section of code where the power to be 
supplied to the motor is calculated. First the direction 
is checked and if the direction is reverse the absolute 
value of the error is taken. If the error is greater than 
64K counts, the PWM routine is loaded with the maxi- 
mum value. The next check is made to see if the motor 


is close enough to the desired location that the power to 
it should be reversed, (i.e., enter the Braking mode). If 
the motor is very close to the position or has slowed to 
the point that is likely to turn around, the Ho/dJosi- 
tion mode is entered. 


The determination of which modes are selected under 
what conditions was done empirically. All of the pa- 
rameters used to determine the mode are kept in RAM 
so they can be easily changed on the fly instead of by 
re-assembling the program. The parameters in the list- 
ing have been selected to make the motor run, but have 
not been optimized for speed or stability. A diagram of 
the modes is shown in Figure 4-7. 


In the Ho/dJosition 
mode power is eased onto the 


motor to lock it into position, Since the motor could be 
stopped in this mode, some integral control is needed, 
as proportional control alone does not work well when 
the error is small and the load is large. The BOOST 
variable provides this integral control by increasing the 
output a fixed amount every time period in which the 
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Using the 8096 
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error does not get smaller. Once the error does get 
smaller, 
usually 
because the motor 
starts 
moving, 


BOOST is cleared. 


A sanity check can be performed at this point to double 
check that the 8096 has proper control of the motor. In 
the example the worst that can happen is the proto- 
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type will need to be reset, so the sanity check was not 
used. If one were desired, it could be as simple as 
checking a hardware generated direction indicator, or 
as complex as checking motor condition and other en- 
vironmental factors. 


After all checks have been made, the power value is 
loaded to the RPWR register using a software inversion 
to compensate for the hardware inversion. Direction is 
determined 
next and the power and direction 
are 
changed in adjacent instructions with interrupts dis- 
abled to prevent changing power without direction and 
vice versa. 


To exercise the program logic the desired position is 
changed based on the time value using the code and 
lookup table shown in Listing 4-12. 


The remaining sections of the program are relatively 
simple, but worth discussing briefly. The initialization 
routine initializes the I/O features and places several 
variables from ROM into RAM. Having these variables 
in RAM makes it easier to tweak the algorithm. Timer 
I is expanded into a 32-bit timer by the interrupt rou- 
tine shown in Listing 4-13. 


Software timer overhead is handled by the routine 
shown in Listing 4-14. In this routine the status of each 
timer bit is checked in a shadow register. If any of the 
timers have expired the appropriate routine is called. 
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The last routine, shown in Listing 4-15, is the Software 
Timer 2 routine which outputs some variables to exter- 
nal RAM. It also keeps LASTl_Time 
within 1800H 


of Timer! to prevent overflows from occurring when 
the Mode 0 and Mode I software check this variable. 


A complete listing of the program as it is used in our 
lab can be found in Appendix D. For a given motor or 
encoder it will probably be necessary to change some of 
the time constants on the first page of the listing. With 
the motor 
used in our experimentation, 
pulses are 


missed from time to time when direction 
changes 
quickly. If the motor were not as fast to turn around or 
the encoder were mounted better these problems should 
disappear. The missing pulses occur when switching 
from Mode I to Mode 0, other than that no anomalies 
were found in the lab. 


Prior to the version of code just discussed, several at- 
tempts were made, one of which could be used under 
certain constraints. It is possible to use only modes 2 
and 0 to monitor the encoder, provided the encoder 


always operates smoothly and provides at least 200 mi- 
croseconds between the last several edges of Phase A 
before reversing. This idea was originally tried because 
the motor was not characterized thoroughly at first, 
and caused problems because of the motors tendency to 
stop suddenly when its speed was low. 


If an encoder has a lower line count and therefore more 
time between output pulses the two mode solution can 
be used. The software for the two mode version can be 
easily extracted form the three mode version, so it will 
not be presented. 


The diagram in Figure 5-1 illustrates how to connect an 
8096 in a minimum configuration system. Either 2764s 
or 27128s can be used in the system. Note that the 
lower EPROM contains the even bytes while the upper 
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4K is mapped at 2000H. If the program being loaded is 
16 Kbytes long the first half is loaded into the second 
half of the 2764s and vice versa. A similar situation 
exists when using 27128s. 
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This circuit will allow most of the software presented in 
this ap-note to be run. In a system designed for proto- 
typing in the lab it may be desirable to buffer the I/O 
ports to reduce the risk of burning out the chip during 
experimentation. One may also want to enhance the 
system by providing RC filters on the A to D inputs, a 
precision VREF power supply, and additional RAM. 


the usage of the lines can be restricted to inputs or 
outputs on a port by port rather than line by line basis. 
The ports are reconstructed by using standard memory- 
mapped I/O techniques, (i.e., address decoders and 
latches), at the appropriate addresses. If no external 
RAM is being used in the system then the address de- 
coding can be partial, resulting in less complex logic. 


The reconstructed I/O ports will work with the same 
code as the on chip ports. The only difference will be 
the propagation delay in the external circuitry. 


If it is desired to fully emulate a 8396 then I/O ports 3 
and 4 must be reconstructed. It is easiest to do this if 


inter 


An overview of the MCS-96 family has been presented 
along with several simple examples and a few more 
complex ones. The source code for all of these pro- 
grams are available in the Insite Users Library using 
order code AE-16. Additional information on the 8096 
can be found in the Microcontroller Handbook and it is 
recommended that this book be in your possession be- 
fore attempting any work with the MCS-96 family of 
products. Your local Intel sales office can assist you in 
getting more information on the 8096 and its hardware 
and software development tools. 


I. MCS-96 Macro Assembler User's Guide, Intel Cor- 
poration, 1983. 
Order number 122048-001. 


2. MCS-96 Utilities User's Guide, Intel Corporation, 


1983. 
Order number 122049-001. 


3. PLIM-96 User's Guide, Intel Corporation, 1983. 


Order number 122134-001. 
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Output_difference 
= 
Input_difference*Table_difference 
Divide 
bq 
16 
(2**41 


Add 
output 
difference 
to 
output 
generated 
with 
truncated 
IN_VAL 
as 
input 
Round 
to 
12-bit 
answer 
Round 
up 
if 
Carry 
= 


DCW 
OOOOH. 
2000H, 
3400H. 
4COOH 
., A 
random 
function 
DCW 
5DOOH. 
6AOOH; 
7200H. 
7800H 
DCW 
7BOOH. 
7DOOH. 
7600H. 
6DOOH 
DCW 
5DOOH. 
4BOOH, 
3400H. 
2200H 
DCW 
1000H 


SOURCE 
FILE 
F3 
INTER2 
A96 
OBJECT 
FILE 
.F3 
INTER2 
oBd 


CONTROLS 
SPECIFIED 
IN 
INVOCATION 
COMMAND 
NoSB 


0024 


0024 
0026 


'1> 
0028 
~ 
002A 


-I 
002A 
II 
002C 


01 2: 
002E 
U, 
CD 
0030 


.....• 
r-00~ 
2080 
C'a 
N 
2080 
AI000118 


2084 
B0241C 
2087 
18031C 
208A 
71FEIC 


208D 
ACICIC 


2090 
A31D002126 


2095 A31D222128 


LINE 
1 
2 
3 
4 
5 
6 


=1 
7 
=1 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 


.INCLUDEl. 
FO: DEMo96. INCl. 
Include 
demo 
definItIons 
.nollst 
TUTn 
listing 
off 
for 
include 
file 
End 
of 
include 
file 


IN_VAL 
TABLE_LOW: 
TABLE_INC: 
IN_DIF: 
IN_DIFB 
OUT: 
RESULT: 
oUT_DIF 


1 
1 
1 
1 
IN_DIF 
1 
1 
1 


Actual 
Input 
Value 
Table 
value 
for 
function 
Incremental 
change 
in 
function 
Upper 
Input 
- 
Lower 
Input 


CSEG 
at 
2080H 


LD 
5P. 
*IOOH 
Initialize 
SP 
to 
top 
of 
reg. 
file 


look: 
LDB 
AL. 
IN_VAL 
Load 
temp 
•••ith 
Actual 
Value 
SHRB 
AL. *3 
Divid. 
the 
b~te 
b~ 8 
ANDB 
AL. 
*11111110B 
Insure 
AL 
is a 
word 
address 
This 
effectivel':4 
dlvides 
AL 
b~ 
2 
so AL 
= 
IN._VAL/16 
LDBIE 
AX. 
AL 
Load 
b~te 
AL 
to 
word 
AX 


TABLE 
INC 
IS 
loaded 
with 
the 
value 
In 
the 
increment 
table 
at 
locatIon 
AX+2 


• 
~ 
~ 
l:Tit~0 
(1\ 
0 
u, ~c 
(J) 
'Q 
I\) 
0 
0a~c 
(!)B 


2100 
2100 
000000200034004e 
2108 
005D006A00720078 
2110 
007B007D0076006D 
2118 
005D004B00340022 
2120 
0010 
2122 
2122 
0002400180011001 
2i2A 
D000800060003000 
2132 
20009OFF70FFOOFF 
213A 
EOFE90FEEOFEEOFE 


IN_DIFBal.a.t 
significant 
4 
bits 
of 
IN_VAL 
Load 
bVt. 
IN_DIFB 
to 
~ord 
IN_DIF 


MUL 
OUT_DIF. 
IN_DIF. 
TABLE_INC 
output_dlff.renc. 
Input_difference*IncrementAl_chAng. 


val_tabh: 


DeW 
Dew 
Dew 
Dew 
Dew 
inc_tabh: 


Dew 
Dew 
Dew 
Dew 


OUT. 
OUT_DIF. 


OUT. 
.4 
OUT. 
zero 


OUT. 
RESULT 
look 


OOOOH. 
:lDOOH. 
7BOOH. 
5DOOH. 
lOOOH 


0200H. 
OODOH. 
00020H. 
OFEEOH. 


TABLE_LOW' 
Add 
output 
difference 
to 
output 
g.nerated 
~lth 
truncated 
IN_VAL 
as 
Input 
Round 
to 
12-bit 
ans~er 
Round 
up 
if 
Carry; 
1 


200OH. 
3400H. 
4eOOH 
, A 
random 
function 
6AOOH. 
7200H. 
7800H 
7DOOH. 
7600H. 
6DOOH 
480OH. 
340OH. 
2200H 


014OH. 
008OH. 
OFF9OH. 
OFE9OH. 


0180H. 
0060H. 
OFF70H. 
OFEEOH. 


0110H 
0030H 
OFFOOH 
OFEEOH 


SERIES-III 
PL/M-9b 
VI 
0 COMPILATION 
OF 
MODULE 
PLMEX 
OBJECT 
MODULE 
PLACED 
IN 
F3 
PLMEXI 
OBJ 
COMPILER 
INVOKED 
BV 
PLM9b. Bb 
F3 
PLMEXI.P9b 
CODE 


DECLARE 
IN_VAL 
DECLARE 
TABLE_LOW 
DECLARE 
TABLE_HIGH 
DECLARE 
TABLE_.DIF 
DECLARE 
OUT 
DECLARE 
RESULT 
DECLARE 
OUT_DIF 
DECLARE 
TEMP 


DECLARE 
TABLECI7) 
OOOOH. 
2000H. 
5DOOH. 
bAOOH. 
7BOOH. 
7DOOH. 


5DOOH. 
4BOOH. 
10OOH); 


WORD 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
LONGINT 
WORD 


PUBLIC; 
PUBLIC; 
PUBLIC; 
PUBLIC; 
PUBLIC; 
PUBLIC; 
PUBLIC; 
PUBLIC; 


INTEGER 
DATA 
C 
3400H. 
4COOH. 


7200H. 
7BOOH. 
7bOOH. 
bDOOH. 


3400H. 
2200H. 


DMPY: 
PROCEDURE 
(A.B) 
LONGINT 
EXTERNAL; 
DECLARE 
(A.B) 
INTEGER; 


END 
DMPV. 


1* 
If 
"TEMP" 
•••s repl.ced 
b~ 
"SHRCIN_VAL.4)" 
*1 
1* The 
code 
would 
work 
but 
the 
809b 
would 
*1 
1* do 
two 
shifts 
*1 


TABLE 
DIF=TABLE_HIGH-TABLE_LOW; 


OUT_DIF=DMPVCTABLE_DIF.SIGNED(IN_VAL 
AND 
OFH») 
lib; 


_. 


20 
I 
IF CARRY=O 
THEN 
RESULT=OUT, 
1* Using 
th. 
hardware 
flags 
must 
b. 
don. 
*1 
I I cf 
22 
I 
ELSE 
RESUL T=OUT+I, 
1* with 
care 
to 
ensure 
the 
flag 
is 
tested 
*1 
1* 
in 
the 
desired 
in~truction 
se~uence 
*1 
23 
I 
GO TO 
LOOP, 


1* END 
OF 
PLM-96 
CODE 
*1 


24 
I 
END, 


270658-69 


PL/M-96 
COMPILER 
Pl.MEXI· 
PLM-96 
Example 
Code 
for 
fable 
Lookup 
ASSEMBLY 
LISTING 
OF 
OBJECT 
CODE 
~ 
~ 


"0 
STATEMENT 
14 
r- 
0022 
PLMEX. 
~ 
0022 
AIOOOOl8 
R 
LD 
SP.IISTACK 
. 
CD 
0026 
LOOP: 
Q) 
0026 
AOOOIO 
R 
LD 
TEMP. IN_VAL 
~ 
0029 
080410 
R 
SHR 
TEMP.1I4H 
a. 
STATEMENT 
I~ 
c: 
CD 
, 
002C 
441010lC 
R 
ADD 
TMPO, TEMP. TEMP 
1Il 
~ 
0030 
A3 I0000002 
R 
LD 
TABLE_LOW.TABLE[TMPOJ 
S- 


Ol 
;:;: 
STATEMENT 
16 
CO 
en 
~ 
, 
.. 
m 
0035 
A31D020004 
R 
LD 
TABLE_HIGH.TABLE+2H[TMPOJ 
~ 
0 
CD 
>< 
STATEMENT 
17 
"0 
003A 
48020406 
R 
SUB 
TABLE_DIF. 
TABLE_HIGH. 
TABLE_LOW 
Oil 
ID 
0 
:J 
, 
STATEMENT 
18 
CO 
III 
003E 
C806 
R 
PUSH 
TABLE_DIF 
en 
0- 
:J 
0040 
410FOOOOIC 
R 
AND 
TMPO.IN_VAL.1I0FH 
0 
0045 
C81C 
PUSH 
TMPO 
0 
0047 
EFOOOO 
E 
CALL 
DMPY 
:l 
004A 
0E041C 
SHRAL 
TMPO,1I4H 
S' 
0040 
AOIEOE 
R 
LD 
OUT_DIF+2H.TMP2 
c: 
0050 
AOICOC 
R 
LD 
OUT_DIF.TMPO 
(I)S, 
, 
STATEMENT 
19 
0053 
A00220 
R 
LD 
TMP4,TABLE_LOW 
0056 
0620 
EXT 
TMP4 
0058 
641C20 
ADD 
TMP4.TMPO 
005B 
A41E22 
ADDC 
TMP6.TMP2 
005E 
OE0420 
SHRAL 
TMP4.1I4H 
0061 
A02008 
R 
LD 
OUT.TMP4 
, 
STATEMENT 
20 


0064 
BIFFIC 
. 
LOB 
TMPO.1I0FFH 
0067 
DB02 
BC 
(10003 
0069 
lIlC 
CLRB 
TMPO 
006B 
@0003: 


270658-70 


~ 
~ 
'tI~ 
lI: 
ch 
Q) 
0 
0 
Q. 


CD• 
(Jl 
;:;: 
~ ~ 
m 
>C 
'0 
IlJ 
::J• 
0" 
::J 
'0 
03- 
:i" 
c: 
CD,e, 


OObB 
9B1COO 
CI1PB 
RO.TI1PO 
OObE 
070:; 
BNE 
ClOO01 
STATEI1ENT 
21 
0070 
A0200A 
R 
LD 
RESULT.TI1P4 
0073 
2005 
BR 
1!t0002 
STATEI1ENT 
22 
0075 
1!t000l: 


0075 
AOOBOA 
R 
LD 
RESULT. OUT 
007B 
070A 
R 
INC 
RESULT 
STATEI'1ENT 
23 
007A 
@0002: 


007A 
27AA 
BR 
LOOP 
STATEI1ENT 
24 
END 


MODULE 
INFORI1ATION: 


CODE 
AREA 
SIZE 
005AH 
900 
CONSTANT 
AREA 
SIZE 
0022H 
340 
DATA 
AREA 
SIZE 
OOOOH 
00 
STATIC 
REGS 
AREA 
SIZE 
OO12H 
IBD 


OVERLAYABLE 
REGS 
AREA 
SIZE 
I1AXII1UI1STACK 
SIZE 
4B 
LINES 
READ 


SOURCE 
FILE: 
:F3:MULT.A9b 
OBJECT 
FILE: 
:F3:MULT.OBJ 
CONTROLS 
SPECIFIED 
IN 
INVOCATION 
COMMAND: 
NOSB 


0000 
CC04 
0002 
CCOO 
0004 
FEbE1900 


0008 
E304 
OOOA 


ASSEMBLY 
COMPLETED, 


LINE 
SOURCE 
STATEMENT 
1 
$TITLE( 
'MULT.APT: 
Ib*lb 
multiply 
procedure 
for 
PLM-9b') 
2 
3 
4 
SP 
EGU 
18H:word 
5 
b 
,"5eg 
7 
EXTRN 
PLMREG 
:long 
8 
9 
cseg 
10 
11 
PUBLIC 
DMPY 
Multiply 
two 
integers 
and 
return 
a 
12 
longint 
result 
in AX, 
DX 
registers 
13 
E 
14 
DMPY: 
POP 
PLMREG+4 
i 
Load 
return 
address 
E 
15 
POP 
PLMREG 
i 
Load 
one 
operand 
E 
Ib 
MUL 
PLMREG, [SPJ+ 
Load 
second 
operand 
and 
increment 
SP 
17 
E 
18 
BR 
[PLMREG+4J 
; 
Return 
to PLM 
code. 
19 
END 


INPUT 
FILES: 
:F3:PLMEX1.0BJ. 
:F3:MULT.OBJ. 
PLM9b.LIB 
OUTPUT 
FILE: 
:F3:PLMOUT.OBJ 
CONTROLS 
SPECIFIED 
IN 
INVOCATION 
COMMAND: 


ROMI2080H-3FFFH) 


INPUT 
MODULES 
INCLUDED: 


·F3:P~MEX1.0BJIPLMEX) 
12/25/B4 


·F3:MULT.OBJIMULT) 
12/25/84 
PLM9b.LIBIPLMREG) 
11/02/B3 
• 
~ 
SEGMENT 
MAP 
FOR 
:F3: PLMOUT. OBJIPLMEX): 


'Vr- 
TYPE 
BASE 
LENGTH 
i:~ 
Gl 
0 
**RESERVED* 
OOOOH 
001AH 
0 
••• 
GAP *** 
001AH 
0002H 
Q. 
REG 
OOICH 
0008H 
It 
:t: 
REG 
0024H 
0012H 


01 
;::; 
STAC~ 
003bH 
OOObH 
m ~ 
*** 
GAP 
*** 
003CH 
2044H 


(.0) 
ITI 
CODE 
20BOH 
0OO3H 
>C 
*** 
GAP 
*** 
20B3H 
0OO1H 
'aIII 
CODE 
20B4H 
007CH 
:l 
CODE 
2100H 
OOOAH 
(/I 
0" 
*** 
GAP .*. 
210AH 
DEFbH 
:l0 
0:l 
do:l 
c: 
<DS: 


ALIGNNENT 
MODULE 
NAME 
--------- 
----------- 


ABSOLUTE 
PLI1REG 
WORD 
PLI1EX 
WORD 


ABSOLUTE 
PLI1EX 


WORD 
PLI1EX 
BYTE 
MULT 


ATTRIBUTES 
VALUE 
NAME 


---------- 


PUBLICS: 


REG 
WORD 
0024H 
IN_VAL 
REG 
INTEGER 
0026H 
TABLE_LOW 
REG 
INTEGER 
0028H 
TABLE_HIGH 
REG 
INTEGER 
002AH 
TABLE_DIF 
REG 
INTEGER 
002CH 
OUT 
REG 
INTEGER 
002EH 
RESULT 
REG 
LONGINT 
0030H 
OUT_DIF 
REG 
WORD 
0034H 
TEMP 
CODE 
ENTRY 
2100H 
DI1PY 
REG 
LONG 
OOICH 
PLMREG 
NULL 
NULL 
003CH 
MEMORY 
NULL 
NULL 
IFC4H 
?I1E11ORY_6 IIE 


MODULE: 
PLMEX 


MODULE: 
I1ULT 


I1ODULE: PLI1REG 


SOURCE 
FILE 
F3:PULSE 
A96 
OBJECT 
FILE 
F3:PULSE,oBJ 


CONTROLS 
SPECIFIED 
IN 
INVOCATION 
CoMMANU' 
NoSB 


LINE 
I 
2 
3 


=1 
4 


=1 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
b3 
b4 
b5 
6b 
b7 
b8 
b9 
70 
71 
72 
73 
74 
75 
7b 
77 
78 
79 
90 
91 
92 
93 
94 
95 
9b 
97 


0029 


0028 
002A 
002C 
002E 
:a- 
0030 
~ 
'tI 
Cii' 
2080 
ID 
U1 i: 
m 
ID 
U1 
II) 
2090 
AI0001l9 
III 
2094 
BI01l5 
C..• 
2097 
BIOF03 
CD3 
ID 
209A 
442A282C 
:J 
209E 
3Elb03 
- 
2091 
3716F6 


2094 
BOOblC 


2097 
A00420 


209A 
391C09 


209D 
C03020 
20AO 
492E3029 
20A4 
27E4 


20Ab 
C02E20 


SINCLUDE(DEM09b 
INC) 
.noli~t 
Turn 
listing 
off 
for 
include 
flle 
End 
of 
include 
fIle 


HIGH_TIME: 
ds•• 
LOW_TIME: 
ds•• 
PERIOD: 
ds•• 
HI_EDGE' 
ds•• 
Lo_EDGE: 
ds •• 


LD 
LDB 
LDB 


\alai t: 
ADD 
JBS 
JBC 


contin: 
LDB 


LD 


JBS 


hsi 
10: 
ST 
SUB 
BR 


hsi _hi: 
ST 


SP. 
.IOOH 
lOCO. 
.OOOOOOOIB 
HSI_MODE •• 00001111B 


PERIOD. 
HIGH_TIME. 
LOW_TIME 
1051. 
b. 
contin 
If FIFO 
is 
full 
1051, 
7, 
wait 
; 
Wait 
while 
no 
pulse 
is 
entered 


BX. 
LO_EDGE 
HIGH_TIME. 
LO_EDGE. 
HI_EDGE 
wait 


W 
Cl 
Q 


WI 
0.J 


iii 
Cl 
Q 


WI 
i: 


iiir~ 
'",.- 
:J .•• 
o •• 
.J " 


•• 
0 
:>a:: 
z 
U1C1l 
W 


Q 
~ 
0 
(1)0"-0 
•..• 
l&. 


alalO'O' 


Ul 


a::0 
a:: 
a:: 
W 
0z 


Q 
4: 
W 
N 
'" 
W 
W 
N 
.J 
OCll 
a. 


MQ 
E: 
all' 
0 
otN 
u 
0'0 
l&. 
> 
4:4: 
4: 
.J 
00 
0 
•• 
NN 
N 
E: 
W 
Ul 
Ul4: 


A.4. Pulse Measurement 
(Continued) 


5-66 


SOURCE 
flL~ 
~3 
ENHSI 
AY6 
nOJECT 
FILE 
F3 
(NilS] OU.! 


CUNlf<OLS 
SPEClflEO 
IN 
INVOCAfION 
COMMAfW 
NOSa 


l.INE 


I 
2 
3 


=1 
4 


=1 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 


0028 


0028 
» 
002A 
in 
002C 
m 
002E 
::J 
002F 
':r 
0030 
III 
::J 
0032 
() 
0034 
CDQ, 
0036 
01 
'1J 
m 
C 
2080 
-..j 
iii 
CD 
~ 
2080 
AIOOOl18 


CD 
III 
2084 
012516 
lIJ 
C.. 
CD3 
2087 
019903 
CD 
208A 
010715 
::J.. 


2080 
717F2F 


2090 
90162F 


2093 
372FF7 


2096 
51 55062E 


209A 
A00428 


$INCLUOE 
(OEM096. INC) 
$nollst 
Turn 
lIstIng 
off 
for 
Includ~ 
fIle 


End 
of 
Include 
fIle 


TIME 
LAST 
RISE. 


LAST_FALL 
HSI_SO. 
IOSI_OAK: 
PERIOD: 
LOW_TIME· 
HIGH_TIME: 
COUNT 


cseg 
at 


ini 
t: 
LO 


LOO 


LOO 
LOO 
set 
hsi. 
1 -, 
hsi. 
0 
+ 
Enable 
hSl 
0,1 
T2 
CLOCK=T2CLK. 
T2RST=T2RST 
Clear 
tlmer2 


Clear 
IOSI_OAK.7 
Store 
into 
temp 
to 
avoId 
clearing 
other 
flags 
WhIch 
ma~ 
be 
needed 
If 
hSl 
15 
not 
triggered 
then 
Jump 
to 
\IIait 


2090 
382E05 
88 
"'BS 
20AO 
3A2EOF 
89 
"'BS 
20A3 
201A 
90 
BR 
91 
20A5 
482C2832 
92 
a_Tis.: 
SUB 
20A9 
482A2830 
93 
SUB 
20AD 
A0282A 
94 
LD 
20BO 
200B 
95 
BR 
96 
20B2 
482A2834 
97 
.• _'all: 
SUB 
20B6 
482C2830 
98 
SUB 
20BA 
A0282C 
99 
LD 
100 
20BD 
101 
increment: 


20BD 
0736 
J,P2 
INC 
20BF 
27CC 
103 
no-cot. 
BR 
104 
20Cl 
105 
END 


ASSEMBLY 
COMPLETED. 
NO 
ERRORISI 
FOUND. 


HSI_SO, O. a_rise 
HSI_SO, 2 ••_'ail 
no_cnt 


LOW_TIME. 
TIME. 
LAST_FALL 
PERIOD. 
TIME. LAST_RISE 
LAST_RISE. 
TIME 
increment 


HIGH_TIME. 
TIME. 
LAST_RISE 
PERIOD. 
TIME. LAST_FALL 
LAST fALL. 
TIME 


SOURCE 
FILE: 
:F3:HSODRV. 
A96 
OBJECT 
FILE: 
·F3:HSODRV.OBJ 
CONTROLS 
SPECIFIED 
IN 
INVOCATION 
COMMAND. 
NOSB 


• 
!n 
0028 
'tl 
:IEi: 
01 
c: 
0028 
a, " 
CO :i 
002A 
CQ 
002C 
.• 
002E 
;:r 
CD 
0030 
J: 
CIl 
2080 
0 


2080 
FA 
2081 
AIOOOl18 
2085 
510FI500 
2089 
950FOO 


208C 
208C 
AIOOOl22 


2090 
AIOOIOle 
2094 
48221C20 
2098 
A022IC 


LINE 
SOURCE 
STATEMENT 
1 
.TITLE( 
'HSODRV. A96: 
Driver 
nlodule 
for 
HSO 
PWM 
program') 
2 
3 
HSODRV 
MODULE 
MAIN. 
STACKSIZE(8) 
4 
5 
6 
PUBLIC 
HSO_ON_O 
HSO_OFF_O 
7 
PUBLIC 
HSO_ON_I 
HSO_OFF -1 
8 
PUBLIC 
HSO_TII'lE 
HSO_COMMAND 
9 
PUBLIC 
SP 
• TIMER 1 
1050 
10 
11 
.INCLUDEIDEI'1096.INC) 


=1 
12 
'nolist 
Turn 
listing 
off 
for 
include 
file 
=1 
60 
End 
of 
include 
fill' 
61 
62 
rseg 
.t 
28H 
63 
64 
EXTRN 
OLD_STAT 
:b~t" 
65 
66 
HSO_ON_O: 
ds •• 
67 
HSO_OFF _0: 
ds •• 
68 
HSO_ON_I: 
ds•• 
69 
HSO_OFF _1: 
ds•• 
70 
count: 
dsb 
71 
72 
cseg 
.t 
2080H 
73 
74 
EXTRN 
.••u 
:"ntr~ 
75 
76 
strt: 
DI 
77 
LD 
SP. 
'IOOH 
E 
78 
AN DB 
OLD_STAT. 
1050. 
'OFH 
E 
79 
XORB 
OLD_STAT. 
'OFH 
80 
81 
initi.l: 


82 
LD 
CX. 
.0 1OOH 
83 
84 
loop: 
LD 
AX. 
1I00OH 
85 
SUB 
BX. 
AX. 
ex 
86 
LD 
AX. 
ex 
87 


209B 
C02BIC 
209E 
C02A20 


20Al 
OBOIIC 
20A4 
OB0120 
20A7 
C02CIC 
20AA 
C02E20 


20AD 
EFOOOO 


20BO 
0722 
2082 
B9000F22 
2086 
D7DB 


20BB 
2702 


:a- 
200A 


1» 
" 


ASSEMBLY 
COMPLETED. 
=:i: 
c: 
III5' 
co 
01 - 
~ 
':I' 
0 
ftl 
::I: 
C/)00 
0:l 
S· 
c: 
CI>.e, 


ST 
AX. 
HSO_ON_O 
ST 
BX. 
HSO_OFF_O 


SHR 
AX •• 1 
SHR 
BX •• 1 
ST 
AX. 
HSO_ON 
1 
ST 
BX. 
HSO_OFF 
1 


CALL 
••• 
ait 


INC 
CX 
CMP 
CX. 
llOOFOOH 
BNE 
loop 


BR 
initial 


END 


SOURCE 
FILE 
F3.HSOMOD 
A9b 
OBJECT 
FILE. 
F3:HSOMOD 
OBJ 
CONTROLS 
SPECIFIED 
IN 
INVOCATION 
COMI1AND. 
NOSB 


• 
~ 
'V 
=:i:c 
III5' 
lQ 
U1 - 
~ 
:7 
III 
::I: 
0000 
U)0 
0000 
0 
0 
::J 
<:!: 
::Jc: 
CDS: 


0001 
0002 


0000 


0000 
3EOOFD 
0003 
FD 


SOURCE 
STATEMENT 
$TITLEC'HSOHOD. 
A96: 
8096 
PWH 
PROGRAM 
MODIFIED 
FOR 
DRIVER') 
$PAGEWIDTHCI301 


LINE 
I 
2 
3 
4 
:I 
6 
7 
8 
9 
10 
11 
12 
13 
14 
1:1 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2:1 
26 
27 
28 
29 
30 
31 
32 
33 
34 
3:1 
36 
37 
38 
39 
40 
41 
42 
43 
44 


NOTE: 
Use 
thi·s Ii •• to 
repl.c" 
th" 
dltCl.r.tion 
s"ction 
of 
th" 
HSO 
PWI1 progr ••• fro", .$INCLUDE (DEM096. INC)" 
through 
th" 
lin" 
prior 
to 
th" 
l.b,,1 ·w.it". 
Also 
ch.ng" 
the 
l.st 
branch 
in 
the 
pTogram 
to 
• 
"RET". 


D_STAT: 
.Itrn 
elt,.n 
eltrn 
eltrn 
eltrn 


1 
HSO_OFF 
0 
:word 
HSO_OFF_I 
:word 
HSO_COMMAND 
:b~t" 
1050 
:b~t" 


HSO 
ON_O 
HSO_ON_l 
HSO_TII1E 
TIMERl 
SP 


: word 
: word 
: word 
: word 
:word 


public 
OLD_STAT 
OLD_STAT: 
dsb 
NEW_STAT: 
dsb 


For 
opp"r.tion 
with 
interrupts 
',tore_stat.· 
~ould 
bot the 
entr~ 
point 
of 
the 
routine. 


Note 
th.t 
a DI 
or PUSHF 
might 
have 
to 
bit added 


SOURCE 
FILE 
F3 SP A96 
OOJECT 
FILE 
F3 
SP OOJ 


CONTROLS 
SPECIFIED 
IN 
INVOCATION 
COMMAND 
NOSO 


LINE 
I 
2 
3 
4 
~I 
5 
~I 
53 
54 
55 
56 
57 
59 
59 
60 
61 
62 
63 
64 
65 
66 
67 
69 
69 
70 
71 
72 
73 
74 
75 
76 
77 
79 
79 
90 
91 
92 
93 
94 
95 


0029 


0029 
0029 
002A 
0028 
002C 
~ 
200C 
~ 
If 
Ul 
200C 
9C20 
II 
-..j .. 


Co) 
~ 
2090 


"lJ 
0 
2090 
AlOOOll9 
::I. 


2084 
012016 


• INCLUDE IDEM096. INCI 
.nolist 
Turn 
listing 
off 
for 
include 
file 
End 
of 
includ. 
file 


CHR: 
dsb 
I 
SPTEMP: 
dsb 
I 
TEMPO: 
dsb 
I 
TEMPI: 
dsb 
I 
RCV_FLAG: 
dsb 


2090 
C42807 
2093 
BI202A 


2096 
BI4008 
2099 
FB 
209A 
27FE 


209C 
209C 
F2 
2090 
2090 
BOl129 
20AO 
90292A 
20A3 
71b029 
):0 
20Ab 
07F5 
;.., 


Ul 
20A8 
CD 
20A8 
3b2A09 
..• 
~ 
20AB 
C42807 
'tI 
20AE 
71BF2A 
U1~ 
0 
2081 
BIFF2C 
~ ~ 
'0 
20B4 
0 
20D4 
302CIB 
3- 
2087 
352AI5 
:i" 
20BA 
B02807 
c 
CD 
20BO 
710F2A 
.e, 


20CO 
717F28 
20C3 
990028 
20Cb 
0705 
20C8 
BIOA28 
20CB 
2002 


20CO 
20CO 
112C 


20CF 
20CF 
F3 
2000 
FO 


2001 


ASSEMBLY 
COMPLETED. 


LOB 
El 
loop: 
BR 


seT'_port_lnt· 


PUSHF 
rd_agaln. 


LOB 
ORD 
ANDB 
J/lE 


gRt_b~te. 


JBC 
STB 
ANOD 
LOD 


put_b~ te· 


JBC 
JBC 
LOB 
ANOB 


AN DB 
CMPB 
JNE 
LOB 
BR 


continu.: 


POPF 
RET 


SPTEMP. 
SPSTAT 
TEMPO. 
SPTEMP 
SPTEMP ••OIIOOOOOB 
rd_agaln 


TEMPO. 
b. 
PUt_b~tR 
SBUF. 
CHR 
TEMPO •• 
10111111B 
RCI/_FLAG. 
.OFFH 


RCI/_FLAG. 
O. 
contlnuR 
TEMPO, 
" 
continu~ 
SBUF. 
CHR 
TEMPO •• 
11011111B 


CHR. 
.01111111B 
CHR ••OOH 
tIT_rev 
CHR. 
.OAH 
continue 


This 
5e~tlon 
of 
code 
can 
be 
replaced 
..lth "ORB 
TEMPO. 
SP_STAT" 
••hRn 
thR 
5erl~1 
port 
TI 
and 
RI 
bugs 
arp 
filed 


If 
RI-temp 
IS 
not 
set 
StorR 
b~tR 
CLR 
RI-tR.p 
SRt 
blt-rRcRivRd 
flag 


If 
receive 
flag 
is 
cleared 
If 
11 was 
not 
set 
SRnd 
b~tR 
CLR 
TI-tR.p 


SOURCE 
FILE: 
:F3:ATOD. A96 
OBJECT 
FILE' 
:F3:ATOD.OBJ 
CONTROLS 
SPECIFIED 
IN 
INVOCATION 
COMMAND: 
NOSB 


LINE 
I 
2 
3 
=1 
4 
=1 
:12 
:13 
:14 
:l:l 
56 
:17 
:18 
:19 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
8:1 
86 


0028 


0020 
OOIE 


0028 
0028 
:J- 
002A 
~ 
002C 
:J- 
002E 
0 
U1 
C 
~ 
2080 
U1 0 
0:J< 
2080 
AIOOOll8 
III 
2084 
0120 
~ 
III~ 
2086 
55082002 


208A 
FD 
208B 
FD 
208C 
3B02FD 


208F 
B0021C 
2092 
B0031D 


209:1 :l420201E 
2099 
ACIEIE 
209C 
C31E281C 


20AO 
1720 


tINCLUDECDEM096.INC) 
tnollst 
Turn 
listing 
off 
for 
include 
file 
End 
of 
include 
file 


RESULT_TABLE: 


RESULT_I: 
dsw 
RESULT_2: 
ds~ 
RESULT_3: 
dsw 
RESULT_4: 
dsw 


NOP 
NOP 
check: 
JBS 


ADOB 
LOBlE 
ST 


OL. 
BL. 
BL 
OX. 
OL 
AX. 
RESULT_TABLECOXl 


x 
(']0• .. 
.,j 
M 
Go 
III 
c: 


III 
Q 
Q 
Z 
II: 
Z 
< 
III 
W 


c:iz 
::>0 
filllll!i~; 
"- 
en 


II:0 
II: 
II: 
W 
0z 


Qw... 


0 
W 
N 
..J 
('] 
lS 
lL 
0 
1: 
~ 
,... 
0 
,... 
N 
u 


N 
lI'l 
,... 
> 
< 
< 
< 
..J 
0 
0 
0 
III 
N 
N 
N 
1: 
W 
Ul 
Ul< 


A.S. A to 0 Converter 
(Continued) 


5·76 


SOURCE FILE. :F3:A2DHSO.A96 
OBJECT FILE: ·F3:A2DHSO.OBJ 
CONTROLS SPECIFIED IN INVOCATION COMMAND: NOSB 


LINE 
I 
2 
3 


, 4 
5 
6 
7 
8 
9 
10 
=1 
11 
=1 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 


0028 


OOIE 


U1 
0028 
~ 
0028 
-oJ 
002A 
002C 
002E 


0030 
0030 
0032 
0034 
0036 


0038 
003A 
003C 
003E 
0040 
0044 
0046 
0048 
004A 


.INCLUDEIDEM096.INC) 
.noIlst 
Turn 
listing 
off 
for 
include 
file 
End 
of 
Include 
file 


PWM_TIME_I: 
DSW 
HSO_ON_O: 
DSW 
HSO_ON_I: 
DSW 
HSO_ON_2: 
DSW 


RESULT_TABLE: 


RESULT_O: 
DSW 
RESULT_I: 
DSW 
RESULT_2: 
DSW 
RESULT_3: 
DSW 


NXT_ON_T:/ 
NXT_OFF_0: 
NXT_OFF_I: 
NXT_OFF_2: 
COUNT: 
AD_NUM: 
TMP: 
HSO]ER: 
LAST_LOAD: 


_. 


2000 
87 
cseg 
AT 
2000H 
I Iet 
88 
2000 
8020 
89 
Dew 
start 
i 
T.mer_ovf_int 
2002 
1021 
90 
DeW 
Atod_done -int 
2004 
8020 
91 
Dew 
stoilrt 
HSI_data_ 
int 
2006 
ee20 
92 
Dew 
HSO_e""c -int 


93 
94 
$E-JEeT 
95 


2080 
96 
cseg 
AT 
2080H 
97 


2080 
AIOOOl18 
98 
start: 
LD 
SP. 
1I100H 
Set 
Stack 
Pointer 


2084 
olle 
99 
eLR 
AX 
2086 
051e 
100 
wal t: 
DEe 
AX 
t&Jait 
appro 
•. 
0.2 
seconds 
for 
2088 
D7Fe 
101 
-JNE 
wait 
i 
SBE 
to 
finish 
communications 
102 
, 


208A 
1144 
103 
eLRB 
AD_NUM 
104 
208e 
AI800028 
105 
LD 
PWM_TIME_1. 
1I080H 


2090 
AI000148 
106 
LD 
HSO_PER. 
1I100H 
2094 
AI40002A 
107 
LD 
HSO_ON_O. 
1I040H 


2098 
AI80002e 
108 
LD 
HSO_ON_I. 
1I080H 
c: 
20ge 
AleOO02E 
109 
LD 
HSO_ON_2. 
1I0eOH 
lit 
110 
S" 
20AO 
4500010A38 
III 
ADD 
NXT_ON_T. 
Timer!, 
IIIOOH 
CO 
01 
I 
112 
- 
~ 
, 
~ 
<Xl 
20A5 
813606 
113 
LOB 
HSO_eOMMAND. 
1I00110110B 
i 
Set 
HSO 
for 
timerl. 
set 
pin 
O. I 
CD 
20A8 
A03804 
114 
LD 
HSO_TIME. 
NXT_ON_T 
; 
with 
interrupt 
OIl 
20AB 
FD 
115 
NOP 
C 
CD 
20Ae 
FD 
116 
NOP 
en 
20AD 
812206 
117 
LOB 
HSO_COMMAND. 
1I00100010B 
i 
Set 
HSO 
for 
timerl. 
set 
pin 
2 
2080 
643804 
118 
ADD 
HSO_TIME. 
NXT_ON_T 
; 
without 
interrupt 
119 
20B3 
91074A 
120 
ORB 
LAST_LOAD. 
1I00000111B 
; 
Last 
loaded 
voillue 
WoiIS 
set 
all 
pins 
2086 
BIOA08 
121 
LOB 
INT_MASK. 
1I00001010B 
; 
Enable 
HSO 
and 
AID 
interrupts 
20B9 
BIOA09 
122 
LOB 
INT _PENDING. 
1I00001010B 
; Fake 
an 
AID 
and 
HSO 
interrupt 
20Be 
FB 
123 
EI 
124 


20BD 
91010F 
125 
loop: 
ORB 
Portl. 
1I0000000lB 
; 
set 
PI. 0 


20eO 
65010040 
126 
ADD 
COUNT. 
1101 
20e4 
M0042 
127 
ADDe 
COUNT+2. 
,ero 
20e7 
71FEOF 
128 
ANDB 
Portl. 
1I11111110B 
i 
clear 
PI. 0 
20eA 
27Fl 
129 
BR 
loop 
130 
131 
$E-JEeT 


270658-88 


132 
133 
134 
135 
136 
20CC 
137 
20CC 
F2 
138 
20CO 
91020F 
139 
140 
20DO 
48380A46 
141 
20D4 
880046 
142 
20D7 
DEI9 
143 
144 
20D9 
145 
20D9 
644838 
146 
20DC 
013606 
147 
20DF 
A03804 
148 
20E2 
FD 
149 
20E3 
FD 
150 
20E4 
012206 
1:11 
20E7 
A03804 
1'2 
153 
20EA 
91074A 
1'4 
1'5 
20ED 
802817 
156 
U1 
1'7 
.:., 


<0 
20FO 
2026 
158 
1'9 
160 
20F2 
161 
20F2 
304A23 
162 
163 
20F5 
442A383A 
164 
20F9 
011006 
165 
20FC 
A03A04 
166 
167 
20FF 
FD 
168 
2100 
442C383C 
169 
2104 
BIII06 
170 
2107 
A03C04 
171 
172 
210A 
FD 
173 
210B 
442E383E 
174 
210F 
BI1206 
175 
2112 
A03E04 
176 
177 


211' 
71F84A 
178 
179 
2118 
180 
2118 
71FDOF 
181 


HSO_e •• c_int 


PUSHF 


ORO 


SUB 
TMP.TIMERI. 
NXT_ON_T 
CMP 
TMP. ZERO 
JLT 
set_off_tlmes 


set_on_times: 


ADD 
LDB 
LD 
NOP 
NOP 
LDB 
LD 


NXT_ON_T. 
HSO_PER 
HSO_COMMAND •• 001101108 
HSO_TIME. 
NXT_ON_T 


ADD 
NXT_OFF_O. 
NXT_ON_T. 
HSO_ON ° 
LDB 
HSO_COMMAND •• 00010000B 
Set 
HSO 
for 
timerl. 
clear 
pin ° 
LD 
HSO_TIME. 
NXT_OFF_O 


NOP 
ADD 
NXT_OFF_I. 
NXT_ON_T. 
HSO_ON_I 
LDB 
HSO_COMMAND •• 00010001B 
Set 
HSO 
for 
tiMerl. 
clear 
pin 
I 
LD 
HSO_TIME. 
NXT_OFF 
I 


NOP 
ADD 
NXT_OFF_2. 
NXT_ON_T. 
HSO_ON_2 
LDB 
HSO_COMMAND •• 00010010B 
i 
Set HSO 
for 
tlmerl. 
clear 
pin 2 
LD 
HSO_TI/'IE.NXT _OFF._2 


2110 
2110 
F2 
211E 
91040F 


2121 
51C0021C 
2125 
B0031D 
2128 
5444441E 
212C 
ACIEIE 
212F 
C31E301C 


2133 
99401C 
2136 
DI07 
2138 
99FFID 
213B 
DF02 
2130 
171D 
01 
Co 
213F 
BOIDIC 
0 
2142 
1110 
2144 
C31E281C 


2148 
1744 
214A 
710344 


2140 
55084402 


2151 
71FBOF 
2154 
F3 
2155 
FO 


2156 


ASSEMBLY 
COMPLETED. 


182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 


ATOD_done_int: 


PUSHF 
ORB 
Portl •• 00000100B 


ANDB 
LDB 
ADDB 
LDBZE 
ST 


CMPB 
JNH 
CMPB 
JE 
INCB 


no_rnd: 
LOB 
CLRB 
ST 


ANDB 
POPF 
RET 


AL. 
AD_RESULT_LO 
•• I1000000B 
Load 
low 
order 
result 
AH. 
AD_RESULT_HI 
Load 
high 
order 
result 
DL. 
AD_NUM. 
AD_NUN 
DL= 
AD_NUM 
*2 
OX. 
DL 
AX. 
RESULT_TABLE1DXl 
Store 
result 
indexed 
by 
DX 


AL. 
.01000000B 
no_rnd 
.i 
Round 
up 
iF 
needed 
AH •• OFFH 
; Don·t 
increment 
if 
AH=OFFH 
no_rnd 
AH 


AL. 
AH 
; Align 
byte 
and 
change 
to word 
AH 
AX. 
ON_TIME1DXl 


AD_COMMAND. 
AD_NUM •• 
1000B 
; Start 
conversion 
on 
channel 
; 
indicated 
by 
AD_NUM 
register 
PortI. 
.11111011B 
; Clear 
PI. 2 


SOURCE 
FILE: 
:F3.SWPORT.A96 
ODJECT 
FILE: 
:F3:SWPORT.ODJ 
CONTROLS 
SPECIFIED 
IN INVOCATION 
COMMAND: 
NOSB 


LINE 


I 
2 
3 
4 
:5 
6 
7 
=1 
8 
=1 
:56 
:57 
:58 
:59 
60 
61 
62 
63 
64 
6:5 
66 
67 
68 
69 
70 
71 
72 
73 
74 
7:5 
76 
77 
78 
79 
80 
81 
82 
83 
84 
8:5 
86 
87 


0000 


0000 
0001 
0001 
0002 
U1 
0004 
~ 
0002 
0003 
0004 


0006 


0008 


OOOA 


OOOC 


0035 
0015 
0018 


This 
module 
provides 
a 
software 
implemented 
Asvnchronous 
serial 
port 
for 
the 
8096. 
HSO.:5 
Is 
used 
for 
trans_it 
data. 
HSI. 2 
is 
used 
for 
receive 
data. 
Note: 
the 
choice 
of 
HSO.' 
and 
HSI. 
2 
is 
arbitrarlJ>' 


fINCLUDECDEM096.INC) 
'natist 
Turn 
listing 
off 
for 
include 
file 
End 
of 
include 
file 


Tseg 


iosl 
SA" •. : 
d sb 
I 
rev. 
st.t.: 
dsb 
1 


T'a:TdlJ 
equ 
I 


T'love"'T'un 
equ 
2 
rip 
equ 
4 
rev. _buf: 
dob 
I 
rcve_reg: 
dsb 
1 
sample_time: 
ds•• I 


serial -out: 
do •• 


baud -count: 
do •• 


tld-time: 
do •• 


char: 
dob 


indicates 
receive 
done 
indicates 
receive 
overflow 


; receive 
in 
progress 
flag 
used 
to 
double 
buffer 
receive 
data 
used 
to 
deserialize 
receive 
records 
last 
receive 
sa_pIe 
time 


Holds 
the 
output 
ch.racter+framing 
(start 
and 
stop 
bits) 
for 
transmit 
process. 


Holds 
the 
period 
of 
one 
bit 
in 
units 
of 
T1 
ticks. 


J 
Transition 
time 
of 
last 
T.d 
bit 
that 
was 
sent 
to 
the 
CAM 
for 
test 
only 


mark_com~and 
equ 
space_com~and 
equ 
sample_co.mand 
equ 


OllOIOlb 
OOIOIOlb 
0011000b 


timer 
1. set. 
interrupt 
on 
5 
timer!. 
ell', 
interrupt 
on 
5 


software 
timer 
0 


eno."-I 
:E» 
»." 
:u." 
mm 
enZ 
me 
:u- 
->< 
~o 
."o 
:u 
-I 


_. 


2080 
88 
cseg 
at 
20aOh 
I Il 
89 
, 
2080 
90 
reset 
loco 
91 
; 
The 
8096 
starts 
executing 
here 
on 
reset, 
the 
program 
will 
initialize 
the 
92 
, 
the 
software 
serial 
port 
and 
run 
a si~ple 
test 
to 
exeercil. 
it 
93 
; 


2080 
FA 
94 
di 
2081 
AIFOOO18 
95 
Id 
sp ••OfOh 
2085 
C9C012 
96 
push 
.4800 
2088 
EFOOOO 
R 
97 
call 
setup_serial-port 
208B 
B16oC08 
98 
Idb 
int_mask ••Oll0ll00b 
, serial, 
swt,hso,hsi 
208E 
FB 
99 
ei 
100 
101 
208F 
102 
testl : 


103 
, 
A 
51mple 
test 
of 
the 
serial 
port 
routines. 


104 
, 
Whil. 
no 
characters 
ar. 
received 
an 
incrementing 
pattern 
is 
sent 
to 
the 
10:; 
, serial 
outp ut. 
When 
a 
character 
is 
received 
the 
incrementing 
p.t~ern 
106 
; 
"JUMpS" 
to 
the 
character 
receved 
and 
proceeds 
fro_ 
there. 


107 
, 
0000 
108 
CR 
eflu 
OOH 
; 
CaTriage 
Teturn 
208F 
BI000C 
R 
109 
Idb 
char ••CR 
c: 
2092 
110 
testlloop: 
fit 
2092 
ACOCIC 
R 
111 
Idb ze 
ax, char 
:;- 
2095 
C81C 
112 
push 
al 
• 
CD 
01 
I 
2097 
EF3000 
R 
113 
call 
Char_out 
..• 
CD 
:7 
I\) 
114 
CD 
209A 
990DOC 
R 
115 
cllpb 
char ••CR 
, 
Pause 
on 
Carriage 
return 
CD 
209D 
0706 
116 
bne 
nopause 
0 
U) 
209F 
011C 
117 
clr 
al 
en 
20Al 
118 
pause : 
20Al 
07lC 
119 
ine 
al 
20A3 
07FC 
120 
bne 
pause 
20A5 
121 
napause: 
122 
20A5 
170C 
R 
123 
incb 
char 
20A7 
124 
te5t2: 
20A7 
EF4400 
R 
12:; 
call 
csts 
char 
ready? 
20M 
98001C 
126 
cllpb 
al.O 
20AD 
OFE3 
127 
be 
testlloop 
, 
loop 
if not 
20AF 
EF4COO 
R 
128 
call 
char 
in 
20B2 
BOICOC 
R 
129 
Idb 
char,al 
20B5 
27DB 
130 
br 
test1100p 
131 
'eJect 
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0000 


0000 


0000 
CC22 
0002 
CC20 
0004 
AI0700lE 
0008 
AI20AIIC 
OOOC 
8C20lC 
OOOF 
COO81C 
0012 
C00600 
001~ 
816016 
0018 
3EI5FO 


0018 
44 I40AOA 
OOIF 
013506 
0022 
AOOA04 
0025 
1102 
0027 
1103 
0029 
1101 
0028 
EF4800 
002E 
E322 


U1 
0> 
0030 
(0) 


0030 
CC22 
0032 CC20 
0034 
010121 
0037 
642020 
003A 
003A 
880006 
0030 
07FO 
003F 
C00620 
0042 
E322 


0044 


0044 
OIIC 
0046 
300102 
0049 
071C 
0040 
0048 
FO 


004C 


132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
14~ 
146 
147 
148 
149 
150 
151 
1~2 
153 
154 
155 
1~6 
157 
158 
1~9 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 


setup_SPTldl_port 
Called 
on 
s~5tem 
reset 
to 
Intiate 
the 
soft~are 
serial 
port 


pop 
pop 
Id 
Id 
divu 
st 
st 
Idb 
bbs 


••dd 
Idb 
Id 
clrb 
elrb 
elrb 
e.1I 
br 


cle~r 
serial 
out 
En ••ble 
HSO 
~ ••nd 
Walt 
for 
room 
in 
and 
issue 
•• MARK 
tld_time, 
timert,20 
hso_command 
•• mar._command 
hso_time. 
tld_time 
Tcve_buf 
; 
clear 
out 
the 
receive 
variables 
rcve_reg 
rcve_stat. 
1nlt_receive 
[e.l 


e. 
b. 
d ••110007h 
••••1I0AI20h 
a I, b I 
•••.baud_count 
O,seri 
••l_out 
ioe I.1I01l00000b 
iosO,6 .•. 


the 
return 
address 
the 
baud 
rate 
(In 
deCimal) 
d.·ax 
=500.000 
(assumes 
12 MhZ 
cr~stal) 


T.d 
the 
HSO 
CAM 
co_and. 


pop 
pop 
Idb 
add 
...,alt_foT_xmlt: 


emp 
bne 
st 
br 


ex 
b, 
(b, + I)•1101h 
b., b. 


serial_out.O 
lAIait_foT_Imit 
bx, serial_out 
[e xl 


the 
return 
address 
the 
character 
for 
output 
••dd 
the 
start 
and 
stop 
bits 
to 
the 
char 
and 
leave 
as 
16 
bit 


wait 
for 
serial_out=Q 
(it 
will 
be 
cleared 
bV 
the 
hso 
interrupt 
process) 
put 
the 
formatted 
character 
in 
serial_out 
return 
to 
caller 


ell' 
bbe 
inc 
csts_elit: 
ret 


•• 
rcve_st.te, 
O. csts __e. i t 
•• 


004C 
300lFD 
004F 
F2 
OO~O 
71FEOI 
0053 
I\C021C 
0056 
F3 
0057 
FO 


00~8 
0058 
F2 
0059 
640801\ 
005C 
880006 
005F 
DFOD 
0061 
080106 
0064 
DB08 
0066 
0066 
BII~06 
0069 
1\001\04 
006C 
2006 
006E 
006E 
B13~06 
0071 
1\001\04 


0074 
0074 
F3 
007~ 
FO 


0076 
DIOOl5 
0079 
BI2003 
007C 
007C 
901600 
007F 
37000B 
0082 
B0061C 
0085 
1\0041C 


181 
182 
183 
184 
18~ 
186 
187 
188 
189 
190 
191 
192 
193 
194 
19~ 
196 
197 
198 
199 
200 
201 
202 
203 
204 
20~ 
206 
207 
208 
209 
OliO 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
22' 
226 
227 
228 
229 
230 


bbe 
push' 
.ndb 
Idb •• 
pop' 
•••t 


; wait 
fo~ 
character 
r•• d~ 
rcve_stat.,O,char_ln 
; •• t 
up 
• 
critical 
region 
rcv._st.t."not(r.rd~) 
al,Tcve_buf 


hsO 
isT': 


F.elds 
the 
hiD 
interrupts 
and 
performs 
the 
serialization 
of 
the 
data 
Note: 
t~is 
routine 
would 
be 
Incorporated 
into 
the 
hlo 
service 
str.t.g~ 
for 
an 
actual 
s~stem. 


c.eg 
pu.h' 
add 
emp 
b. 
sh •• 
be 
send_spac 
•.: 


Idb 
Id 
b •• 
s.nd_ •• rk: 


Idb 
Id 


hlD_isT 
_•.• it: 


pop' 
•••t 


t.d_ti~ •• b.ud_count 
•••.i.1 
out.O 
i' 
s.nd __ arlc 


'.r1alout,'t 
s.nd_ •••• 
rk 


hso_co 
•••••and,.sp.c._command 
hso_.timR. 
tld_time 
hso_is,,_e.lt 


lnlt 
reetHye: 


Called 
to prepare 
the 
serial 
Input 
proces5 
to 
find 
the 
leading 
edge 
of 
a start 
bit. 


Idb 
ldb 
f Iu.h_' ifo 
o••b 
bbe 
Idb 
Id 


t051_save. 
i051 
iosl 
soilve. 7. flush 
fifo_done 
al, h5t_status 


111., hsi_tim~ 
; 
trash 
thtP 
fifo 
entr~ 


0088 
717FOO 
0080 
27EF 
0080 
0080 
011015 
0090 
FO 


0091 
0091 
F2 
0092 
e81e 
0094 
00061e 
0097 
A00404 
009A 
341el5 
0090 
3FI5FO 
OOAO 
A0081e 
00A30801le 
00A6 
641e04 
00A9 
011806 
OOAe 
e00404 
OOAF 
BIOOl5 
00B2 
0002 
eele 
00B4 
F3 
0005 
FO 


00B6 
00B6 
F2 
00B7 
901600 
OOBA 
71FEOO 
OOBO 
51FeOl00 
ooel 
070e 


andb 
ios! 
sav.f'not<BOh) 
br 
flush_flfo 
f Iush_f 
Ifo 
done: 


Idb 
10cO ••00010000b 
ret 


h51 
1ST: 


Fields 
Interrupts 
from 
the 
HSI 
unit. 
used 
to 
detect 
the 
leading 
edge 
of 
the 
START 
bit 
Note: 
this 
routine 
would 
be 
incorporated 
into 
the 
HSI 
str.t.g~ 
of 
an 
actual 
s~stem 


C5·9 
pushf 
push 
Idb 
Id 
bbc 
bbs 
Id 
shr 
add 
Idb 
st 
Idb 
ellt_hsi: 


pop 
popf 
ret 


a. 
aI,hsi 
status 
sample_time,hsi_time 
al. 4. e. It_hsl 
losO.7 
•• 
•• 
, baud_count 
ax, .1 
sample_time, 
•• 
h50_com~.nd"sampl._command 
sample_time/hso_time 
10cO •• 00000000b 


~ait 
for 
room 
in 
HSO 
holding 
reg 
send 
out 
sample 
command 
in 
1/2 
bit 
time 


software 
timer 
1ST 
Fields 
the 
software 
tlmer 
interrupt. 
used 
to 
deserialize 
the 
Incomming 
data 
Note 
this 
routlne 
would 
be 
IncorpoTdted 
Into 
the 
software 
tImer 
stategy 
in 
an 
actual 
s~5tem. 


cseg 
pushf 
orb 
andb 
andb 
bn. 


josl_save,los1 
losl 
save •• notCOlh) 
O,rcve_state 
.• Ofch 
process_data 


SOURCE 
FILE: 
:F3:MOTCON.A96 
OBJECT 
FILE: 
:F3:MOTCOH.OBJ 
CONTROLS 
SPECIFIED 
IN IHVOCATION 
COMMAND: 
NOS8 


LINE 
I 
2 
3 
4 
:I 
6 
7 
=1 
8 
=1 
:16 
:17 
:18 
:19 
60 
61 
62 
63 
64 
6:1 
66 
67 
68 
69 
70 
71 
72 
73 
74 
7:1 
76 
77 
78 
79 
80 
81 
82 
83 
84 
8:1 


OOIE 


003C 


0069 


U1 
eX. 
-..j 
006E 


OOFA 
OOFA 
OOFF 
OOFF 
0080 
0480 
0064 
0010 


0024 


0024 
0028 


SINCLUDElDEM096. 
INC) 
.noll~t 
Turn 
listing 
off 
for 
include 
file 
End 
of 
includ. 
file 


5wtl_dl~-p.riQd 
.~u 
.wt2_dIY-PRrlod 
e~u 
.a.-power 
equ 
mal_brake 
equ 
ma.imum_hold 
equ 
brake-pnt 
equ 
posltion-pnt 
equ 
v.loclt~-,nt 
equ 


2:10 
2:10 
Offh 
Offh 
080H 
1200 
100 
16 


s:o 
-Io 
::D0» 
O"'U 
Z"'U 
-1m 
::DZ 
00 
1)( 
"'UO 
::Do 
Q 
::D»s: 


_. 


002C 
86 
tmr2_old: 
d.1 
I 


I 
I et 
0030 
87 
position: 
d.1 
I 
0034 
88 
des_pas 
d.1 
I 
0038 
89 
pas_err 
d.1 
003C 
90 
drl ta_p 
d.1 


0040 
91 
time: 
d.1 
0044 
92 
dr. 
t ilfte: 
d.1 
0048 
93 
time_err 
dsl 
94 
95 
.EJECT 
96 
004C 
97 
1Ii 5 t._ time- 
._t!' r r 
d••• 
004E 
98 
last_pos_err. 
d••• 
0050 
99 
pos_ 
de Ita. 
ds •• 
0052 
100 
time_delta 
d••• 
0054 
101 
last_pos 
ds•• 
0056 
102 
last! 
time: 
ds•• 


005B 
103 
last2_time. 
ds•• 
005A 
104 
boost. 
d••• 
005e 
105 
~mpl 
d••• 
005E 
106 
out_ptr 
ds•• 
0060 
107 
offset. 
dsw 
.. 
c: 
0062 
108 
na t_pos: 
dsUi 
1 
In 
0064 
109 
rpwr: 
dsw 
1 
S- 
0060 
110 
old-t2: 
dsw 
1 
CC 
U1 
I 


III 
- 
Co 
006B 
112 
direct: 
d.b 
I 
l=forward. 
O=reversR 
::T 
ex> 
0009 
113 
pwm_d 
i r: 
dsb 
I 
CD 
CIlt 
006A 
114 
h.1 
.0: 
d.b 
I 
0 
006B 
11:l 
last-stat: 
dsb 
I 
CD 
006e 
116 
p",mJwr' 
dsb , 
CJ) 


006D 
117 
i051 
bak: 
d.b 
006E 
liB 
TR_COL: 
DSB 
I 
; 
COLLECT 
TRACE 
IF TR_COL=OO 
006F 
119 
maio_dly: 
d.b 
120 
0070 
121 
maIJ",r: 
ds •• 
0072 
122 
ma.-br k: 
d••• 
0074 
123 
ma. 
hold: 
d••• 
0076 
124 
vel _pnt: 
d••• 
0078 
125 
brk.Jlnt: 
d••• 
007A 
126 
pos_pnt. 
d••• 
007C 
127 
HSOO_dl~: 
ds •• 
007E 
128 
•••tl_dl~: 
ds •• 
0080 
129 
s••t2_d I~: 
d••• 
0082 
130 
mio_hsi: 
d••• 


0084 
131 
mln_h.i1: 
d••• 
0086 
132 
max_ h.; I: 
d••• 
133 
134 


0100 
13:l 
dseg 
at 
100H 
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-- 


136 
I 
Il 


0100 
137 
"'Od~_Vl.tII: 
d.b 
I 
0102 
138 
count_out. 
d•••• 
I 
0104 
139 
RTr _view: 
d •••• 
140 
141 
142 
'eJect 
143 
144 
PINe 
PORT 
FLAG 
USAGE 
145 
146 
22 
PI.O 
modeO 
0 
model 
I 
mode2 
1 
or 
0 
147 
23 
PI 
I 
0 
0 
I 
I 
148 
24 
PI. 2 
softtllar~ 
timer 
2 routine 
enter/leave 
149 
25 
PI 
3 
Main 
program 
toggle 
150 
26 
PI. 4 
HSI 
overflow 
toggle 
151 
I 
37 
PI. 5 
software 
timer 
0 
Toutlnl!' 
enter/leave 
152 
38 
PI.6 
hsi_int 
enter/lea"e 
153 
39 
PI. 7 
software 
timer 
I routine 
enter/leave 
154 
40 
P2. 6 
Input 
directlon 
(O=reverslP, 
t=forward) 
155 
45 
P2. 7 
direction 
O=rev. 
I:f ••• 
d 
156 
2000 
157 
(5&g 
.t 
2000H 
c: 
2000 
0022 
158 
de••• 
timer _ovf -jot 
en 
2002 
1020 
159 
de••• 
atod_done 
iot 
S" 


I 


2004 
0424 
160 
de••• 
hsi 
d.t. 
Int 
CO 
(11 
eX> 
2006 
8022 
161 
de••• 
hSD_ •• ec_int 
.. 
2008 
1020 
162 
de••• 
h.t_O_Int 
;:r 
CD 
CD 
200A 
2022 
163 
de••• 
soft_tmr 
_tot 
200C 
1020 
164 
de••• 
seT _port_lot 
011 
0 
200E 
1020 
165 
de ••• 
e.ternal -tnt 
CD 
166 
en 


2010 
167 
.tod_don,,_tnt: 


2010 
168 
h.i_O_int: 


2010 
169 
seTJort_iot: 


2010 
170 
external 
_lnt 
171 
2080 
172 
cseg 
at 
2080H 
173 
2080 
AIFOOOl8 
174 
inlt: 
Id 
.p ••OFOH 
2084 
DIFFI7 
175 
Idb 
p••• 
m_eontrol 
••OFFH 
176 
2087 
1168 
177 
elrb 
d iree t 


2089 
AI70175C 
178 
Id 
tmpl ••6000 
I w.it 
about 
3 
seconds 
for 
motor 


2080 
055C 
179 
d"la~: 
dee 
tmpl 
i 
to 
come 
to 
a 
stop 


208F 
E068FO 
180 
dJnz 
direct,S 
I 
•••• 
it 0.512 
milli."eond. 


2092 
88005C 
.181 
emp 
tmp 1. zero 


2095 
02F6 
182 
jgt 
del.~ 
183 


2097 
DIFFOF 
184 
Idb 
portl.eOFFH 


209A 
DIFFIO 
185 
Idb 
port2. eOHH 
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IDCl •.col00l0lB 
Disable 
HSO. 4.HSO.~. 
HSI 
INT=flrst. 


j 
Enable 
PWM. TXD. TIMERI_OVRFLDW_INT 


2DAO 
71FCOF 
20A3 
Blo;Io;I03 
20Ab 
81~71' 


20Ao;IA00400 
20AC 
0140 
20AE 
0142 
2080 
0128 
2082 
012A 
20B4 
0130 
208b 
0132 
20B8 
0154 
20BA 
0134 
20BC 
013b 
20BE 
0144 
20CO 
014b 
20C2 
AOOA'b 
20C5 
40;10008~b58 
20CA 
IlbO 
20CC 
1100;1 
20CE 
AIFOOI~ 
2002 
AI3C0082 
20Db 
AIIE0084 
200A 
Albo;1008b 
20DE 
AlbE007C 
20E2 
AIFA007E 
20Eb 
AIFA0080 
20EA 
AIFF0070 
20EE 
AIFF0072 
2OF2 
AI800074 
20Fb 
AIB00478 
20FA 
Alb4007A 
20FE 
AIIOOO7b 
2102 
AI0020;1b2 
210b 
BOOObC 
2100;1BIOlbo;l 


210C 
BI2008 
210F 
B1300b 
2112 
447COA04 
211b 
FO 
2117 
FO 
2118 
BI30;10b 
211B 
447EOA04 


ld 
clr 
clr 
clr 
clr 
clr 
clr 
clr 
clr 
clr 
clr 
clr 
ld 
sub 
clrb 
clrb 
ld 
ld 
ld 
ld 
ld 
ld 
ld 
ld 
Id 
Id 
Id 
Id 
Id 
Id 
Idb 
Idb 


andb 
ldb 
Idb 


Portl •• llllll00B 
HSI_mod ••• l001100IB 
IDCO ••OI01011IB 


clear 
Pl. O. 1 (s.t 
mod. 
0) 
•• t 
hsi 
1.3 
-; 
hsi 
0.2 
+ 
Enab Ie all 
hs i 


I 
T2 
CLDCK-T2CLK. 
T2RST=T2RST 
Clear 
ttmer2 


lero,hSl 
time 
tIme 
tlm~+2 
tiMer_2 
tar".r _2+2 
position 
position+2 
lastjlos 
desJos 
desJos+2 
des 
time 
des_time+2 
lastl 
tim •• Tlm.rl 
last2_time.lastl_time 
••SOOH 
io51_bak 
intJending 
outJtr 
•• IFOH 
.in_hsl ••min_hsi 
t 
.In_hsll 
••• in_hsl1 
t 
••• _h.11 •••• x_h511_t 
HSOO_dl~ 
••HSOO_dl~Jerlod 
s~tl_dl~ •• swtl_dl~JI.riod 
s~t2_dl~ •• (swt2_dl~jI.riodl 
•• IJwr 
••mal-power 
•• I_brk •••• I_br.ke 
.al_hold 
••mallmum~hold 
brkJlnt •• brakejlnt 
posjlnt ••positionJlnt 
vel-,nt •• v.locit~--,nt 
nltjlos •• pos_tabl. 
p ••••JWI", zero 
p~_dir 
••Olh 
FORWARO 


int_.ask ••0010ll0lB 
hso_coamand,.30H 
hso_tl.e.tlmerl.HSOO_dl~ 


211F 
FO 


~120 
FO 
2121 
B13A06 


2124 
44800A04 


2128 
AOOA40 
212B 
AOOC2C 
212E 
FB 


212F 
E7CE06 


2200 


2200 
2200 F2 


2201 
901660 


~ 


2204 
3:;600:; 
2207 0742 
220Q 
710F60 
220C 
220C 
F3 
2200 FO 


2220 


2220 
2220 
F2 
2221 
901660 
2224 
2224 
306003 
2227 
71FE60 


222A 
222A 
316006 
2220 
71F060 


236 
237 
238 
239 
240 
241 
242 
243 
244 
24:; 
246 
247 
248 
~49 
2:;0 
2n 
2:;2 
2:;3 
254 
255 
2:;6 
2:;7 
258 
2:;9 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
27:; 
276 
277 
278 
279 
280 
281 
282 
283 
284 
285 


orb 
chk 
tI- 
Jbc 
inc 
.ndb 
tmr _lnt_done 
pop 
f 
r.t 


losl_bak.1051 
tost_ba.,:), 
tmr 
lnt_done 
timt?f2 
losl_bak 
•• 1I01l11lB 
• 
clear 
bit 
:; 


'ioft_tmr 
lnt 
pushf 
orb 
c h k _s •• tO: 


Jbc 
andb 
cal1 
chk_S 
••t1 


Jbc 
andb 


1ost_bak,0,chk 
5wtl 


losl_bak 
•• IIIIIIIOB 
swtO_expir@d 


2230 
EFC003 
2233 
2233 
32bOOb 
223b 
71FObO 
2239 
EF4401 
2~3C 
223C 
34b003 
223F 
71F7bO 


2242 
2242 
F3 
2243 
FO 


2280 


2280 


U1 
cO 
2280 
F2 
I\) 
2281 
01300b 
2284 
447COA04 


2288 
91200F 
2288 
AOOC28 
228E 
390FI8 


2291 
2291 
48bb285C 
2295 
8902005C 
2299 
094C 
2290 
2290 
300F49 
229E 
71FCOF 
22AI 
015515 
22A4 
OOOObB 
22A7 
203E 


22A9 
22A9 
4B2C283C 


22AD 
A02B2C 


22BO 
30bB08 


call 
chk_" 
••t2: 


Jbc 
andb 
call 
chk_" ••t3: 


Jbc 
andb 
call 


swt 
jnt_done: 


popf 
ret 


tosl_b 
•• ,2,chk 
swtJ 
losl_bak •• IIIIIOIIO 
; Clear 
bit 
2 
s••t2_e.plred 


los1_bak,4. 
s",t tnt_done 
iOII_bak •• IIIIOIIlB 
; Clear 
bit 
3 
5",t3_elpired 


PUSHF 
Idb 
add 


in_mode. 
: 
lub 


ClOp 
Jh 
set_,"odeO: 


Jbc 
_ndb 
Idb 
Idb 
br 


in_mode2: 


sub 
Id 


portl ••OOIOOOOOB 
Timer _2. TII'1ER2 
Portl, 
1, 1n_~od.2 


tmpl.Timer_2.old_t2 
tmpl ••2 
end_s ••tO 


Portt,O.end 
s",tO 
Portl •• IIIIIIOOB 
10CO ••0101010IB 
l•• t_st.t, 
zero 
end_s ••tO 


if alread~ 
In mode 
0 
; Clear 
PI. O. 
PI. I 
(set 
mode 
0) 
; enab Ie all 
HSI 


22B3 
b43C30 
22Bb 
A40032 
2289 
200b 


22BB 
b83C30 
22BE 
A80032 


22CI 
22CI 
486628~C 
22C~ 
8905005C 
22C9 
021C 


22CB 
22C8 
71FOOF 
22CE 
91010F 
2201 
BI0515 
2204 
1\00400 
2207 
488401\56 


220B 
220B 
A00400 
220E 
717FbO 
22£1 
90lbbO 
01 
22£4 
3F60F4 
cO 
Co) 
22E7 
22E7 
A02866 
22EA 
710FOF 
22EO 
F3 
22EE 
FO 


2380 
2380 
F2 
2381 
BI3AOb 
2384 
448001\04 


2388 
91040F 
238B 
89FF075E 


238F 
0104 


2391 
AIFOOl5E 


33b 
337 
338 
339 
340 
341 
342 
343 
344 
345 
34b 
347 
348 
349 
350 
351 
352 
353 
354 
355 
35b 
357 
358 
359 
3bO 
3bl 
3b2 
363 
3b4 
3b5 
3b6 
367 
368 
369 
370 
371 
372 
373 
374 
375 
37b 
377 
378 
379 
380 
381 
382 
383 
384 
385 


in_f",d: add 
adde 
b •• 


ehk_mod.: 


sub 
emp 
Jg t 


set_Wlodel: 


andb 
o••b 
Idb 
Id 
sub 


Id 
andb 
orb 
Jbs 


end 
s",tO: 


Id 
andb 
POPF 
•.et 


position.delta_p 
position+2,I.ro 
ehk_ ••od. 


t••pl.Tl ••••. 
_2.o1d_t2 
tmpl •• 5 
end_ •••tO 


Check 
count 
difference 
in 
tmpl 
set 
model 
jf 
count 
is 
too 
low 
count 
<= 
:t 


Portl •• IIIIIIOIB 
Clea •. PI. I. 
set 
PI. 0 
(set 
mode 
II 
Portl ••ooOOOOOIB 
IOCO ••OooooIOIB 
enable 
HSI 
0 and 
1 
•••.0. 
HSI_TII1E 
lastl_tim 
•• Timerl.min_hsil 
; 
set 
up 
so 
(time-la5t2_time)~min_h5il 
on 
next 
HSJ 


ZERO. 
HSI_TII1E 
iosl_bak ••OIIIIIIIB 
josl_bale. 
i051 
iosl_bak,7,clr_hsi 


•••t2_ •• pi ••••d: 


pushf 
Idb 
add 


po •.tl ••OOOOOIOOB 
set 
po •.t 
1.2 


outJt 
•.••7ffH 
pul.ing 
outJt 
•.••IfOH 


2395 
2395 
306EOC 


2398 
C25F32 
2398 
C25F30 


239E 
C25F68 
23AI 
C25F6C 


23A4 
23A4 
48560A5C 
23A8 
8900185C 
23AC 
0104 


23AE 
65001056 
23B2 
23D2 
71FDOF 
2385 
F3 
2386 
FO 


U1 
eO 


"'" 


2400 
2400 
20CE 
2402 
20C7 


2404 
F2 
2405 
91400F 
2408 
717F60 
240B 
901660 
240E 
376DFI 


2411 
2411 
AOOC28 
2414 
51 55066A 
2418 
A00440 


241B 
380FE2 


241E 
241E 
386A08 


•••t2_don.: 
sub 


ClOp 
Jnh 


.dd 
•••t2_r.t 
.ndb 
popf 
r.t 


tmpl.tl,.erl.l.stl_tlm. 
tmp 1..180OH 
s••t2_ret 
keep 
(Tlmerl-l.stl_timel<2000H 


CSEG 
AT 
2400H 
now_lftode_l: 
br 
no 
inti: 
br 


hsi_d.t. 
int: 


orb 
.ndb 
orb 
Jbc 


get_v.lu 
•• : 
Id 
.ndb 
Id 


pushf 
portl ••OIOOOOOOB 
iosl_b.k ••OllllllIB 
iosl_b.k. 
iosl 
iost_ba~,1,no_intl 


timer_2.TII'IER2 
hSl_SO.HSI_STATUS 
••Ol0101018 
tim.. 
HSI_TII'1E 


2421 
3A6A2C 
436 
Jbs 
hsl-50.2. a_fall 
2424 
3C6A4D 
437 
Jbs 
hst-50,4, b_rise 
2427 
3E6A5A 
438 
Jbs 
hsi 
sO.6.b -hll 
242A 
2094 
439 
br 
no_cnt 
440 
242C 
A05658 
441 
._,"1••.: 
Id 
la.t2_ti"'., 
lastl -time 
242F 
A04056 
442 
Id 
"stl 
ti •• ,time- 
2432 
685840 
443 
sub 
tim.,1.st2_time 
2435 
888240 
444 
e.p 
ti.e, ",tn_h.i 
2438 
D906 
445 
Jh 
tst_statr 
446 
; •• t .odel- 
243A 
91010F 
447 
orb 
Portl ••0000000lB 
; 
Set 
Pl.0 
(In .ode 
1 ) 
243D 
810515 
448 
Idb 
lOCO ••0ססoo1018 
; 
Enable 
HSI 
0 and 
I 
2440 
449 
tst_statr: 


2440 
3E6B58 
450 
Jbs 
last_stat.6.golng_f~d 
2443 
3C6867 
451 
Jbs 
last_stat. 
4, going_rev 
2446 
3A6850 
452 
Jbs 
last_stat,2,change_dir 
2449 
980068 
453 
e.pb 
last_5t.t, 
I.ro 
244C 
DF46 
454 
Je 
flrst_ti.e 
; 
first ti",. 
1n mad.O 
244E 
2782 
455 
br 
no-Intl 
456 
2450 
A05658 
457 
a_fal1: 
Id 
last2_tt •• , lastl -time 
2453 
A04056 
458 
Id 
lastl tl",., time 
2456 
685840 
459 
sub 
ti ••• l.st2_time 
'{' I 


2459 
888240 
460 
ClOp 
till., 
min_hsi 


CD 
245C 
D906 
461 
Jh 
tst_statf 
01 
462 
•set .odel- 
245E 
91010F 
463 
orb 
Portl ••0000OOOI8 
; 
Set 
PI 
0 
(In 
mode 
I) 
2461 
810515 
464 
ldb 
IOCO ••00000IOI8 
Enable 
HSI 
0 
and 
1 
465 
$E.JECT 
2464 
466 
tst_statf. 


2464 
3C6837 
467 
Jbs 
last_stat.4. 
going_fwd 
2467 
3E6B43 
468 
Jbs 
last_stat,6,golng_rev 
246A 
38682C 
469 
Jbs 
last_stat. 
0, change._dlr 
246D 
980068 
470 
e.pb 
last._stat, 
llPrO 
2470 
DF22 
471 
Je 
first_time 
; 
first 
time 
in mod eO 
2472 
2057 
472 
br 
no-Int 
473 
2474 
386827 
474 
'_rise. 
Jbs 
last _stat. O. golng_ F~d 
2477 
3A6833 
475 
Jbs 
last_stat.2,golng_rev 
247A 
3E6BIC 
476 
Jbs 
last_stat,6,change_dir 
247D 
980068 
477 
e.pb 
last_stat. 
zero 
2480 
DFI2 
478 
Je 
first_time 
; 
first 
time 
in modeO 
2482 
2047 
479 
br 
no-Int 
480 


2484 
3A6817 
481 
b-fall: 
Jbs 
last_stat.2.going_f~d 
2487 
386823 
482 
Jbs 
last_stat, 
0, going_rev 
248A 
3C68OC 
483 
Jbs 
last_stat,4,change_dir 
248D 
980068 
484 
e.pb 
last_stat, 1."0 
2490 
DF02 
485 
Je 
First_t Ime 
; 
first 
time 
In ••odeO 
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2494 
2494 
C4686A 
2497 2072 


2499 
2499 
1268 
2498 
30680F 


249E 
249E 
914010 
24AI 
810168 
24A4 
65010030 
24A8 
A40032 
24A8 
2000 
24AO 
24AO 
718FIO 
2400 
810068 
2483 
69010030 
2487 
A80032 


248A 
240A 
C4686A 
2400 
2400 
A0282C 
24CO 
717F60 
24C3 
901660 
24C6 
376002 
24C9 
2746 


24C8 
718FOF 
24CE 
F3 
24CF 
FO 


2400 
51506A5C 
2404 
07EA 
2406 


first_time: 


stb 
br 


change_dir: 


notb 
nO_ine: 
Jbc 


going_fwd: 


orb 
ldb 
add 
addc 
br 
going_rev: 
andb 
ldb 
sub 
subc 


stb 
load_lasts: 


ld 
no_cnt: 
.ndb 
orb 
Jbc 
again: 
br 


no_tnt: 
andb 
popf 
rot 


andb 
Jne 
cmp_tlme: 


PORT2 ••01000000B 
direct,.Ol 
position ••OI 
posltion+2,1""0 
st_stat 


PORT2 •• 101111118 
dlr"ct ••OO 
position,.Ol 
pos1 tion+2, 
lero 


tmr2_old. 
tim"r_2 
iosl_bak ••011111118 
iosl 
bale, 
1051 
iosl_bak,7.no_int 
get_values 


24E5 
24E5 
91020F 
24E8 
010015 
24EO 
A00400 
24EE 
717F6D 
24F1 
90166D 
24F4 
3F6DF4 
24F7 
2012 


24F9 
24F9 
4858405C 
24FD 
88865C 


2502 
2502 
71FCOF 
2505 
015515 
2508 
00006B 


2500 
2508 
482C283C 
250F 
306808 
2512 
2512 
643C30 
2515 
A40032 
2518 
27A3 
251A 
251A 
683C30 
251D 
A80032 
2520 
279B 


536 
537 
538 
539 
540 
541 
542 
543 
544 
545 
546 
547 
548 
549 
550 
551 
552 
553 
554 
555 
556 
557 
558 
559 
560 
561 
562 
563 
564 
565 
566 
567 
568 
569 
570 
571 
572 
573 
574 
575 
576 
577 
578 
579 
580 
581 
582 
583 
584 
585 


s.t_moda_2: 


orb 
Idb 
mt_hsi: 
Id 
andb 
orb 
Jbs 
br 


ch.ck_mA. 
ti ...•: 


sub 
cmp 


Portl ••OOOOOOIOB 
10CO ••000000008 
I~ro.h5i 
time 
iosl_bak ••OlllIIIIB 
10s1 
b.le, 
iosl 
iosl_bak,7.mt_hsi 
dona_chk 


•• t_mod._O: 
andb 
Idb 
Idb 


done_chic: 
sub 
Jbc 


add 
addc 
br 


Portl •• 11111100B 
10CO ••OIOIOIOI8 
last_stat. 
zero 


position,d.lta-p 
p051 
tion+2, 
zero 
load 
la.t. 


sub 
position.delta-p 
subc 
p051tion+2. 
zeTO 
br 
load 
lasts 


s.t 
PI. 
1 
(in mod. 
2) 
Disable 
all 
HSI 
.mpt~ 
th. h.i 
fifo 
; 
clear 
bit 
7 


260£ 
A0464A 
2611 
A0363A 
2614 
48404448 
2618 
A8424A 
2618 
48303438 
261F 
A8323A 


2631 
2631 
88003A 
2634 
D60D 


2636 
2636 
0338 
2638 
810069 
2638 
B9FFFF3A 
263F 
D70A 
2641 
200D 


2643 
2643 
810169 
2646 
8B003A 
2649 
DFO:l 


2650 
2650 
B87A38 


2653 
DllE 
265:5 887838 


ld 
ld 
sub 
lube 
sub 
~ubc 


;;;;; 
ii;i; 
iii;; 


iii;i 


chk_dir: 


c.p 
Jge 


go_b.ck_rd: 


neg 
ldb 
c.p 
Jne 
br 


go_for 
•• rd: 


Idb 
c.p 
Je 


tim __ err+2,de,_time+2 
C.lculate 
ti •• 
~ position 
error 
p05_err+2.des-pos+2 
ti.e_err.des_tl 
••• 
time 
; value' 
are 
set 


ti •• _err+2, 
time+2 
pos_err,des-pos.position 
pos_err+2,position+2 


1t. __ err 
c 
Desired 
time 
to 
'inish 
- 
current 
ti.e 
Pos_err 
= Desired 
position 
to 
finish 
- 
current 
position 
POI_delta 
z Last 
position 
error 
- 
Curent 
pOSition 
~rror 
1t •• 
delt. 
= 
Last 
time 
error 
- 
Current 
tiMe 
error 
n;te 
that 
errors 
should 
get 
smaller 
so 
delt., 
will 
be 
positive 
for 
forward 
motion 
(time 
is 
.lwa~s 
forward) 


pas_err 
Pas_err 
- 
ADS 
VAL 
(pos_err) 
p__ 
dtr 
•• OOh 


pos_err+2 
••0ffffH 
Id_ ••• 
chk_brk 


p__ 
dtr 
•• 01H 


p05_err+2. 
zero 
chk_brk 


pos_err,posJnt 
hold...JI0sition 
pos_err. 
brk...JInt 


26AB 
FA 
26AC 
717F10 


26AF 
006417 
2602 
FB 
2603 
2008 
260' 
FA 
26B6 
918010 
2609 
006417 


260C 
FB 


2680 
2680 
88004A 
26CO 
022' 


26C2 
89202962 
26C6 
OE06 
26C8 
A1002962 
26CC 
0142 
26CE 


026CE A26334 
2601 
A26336 
2604 
A26346 
~ 
2607 
A2b370 
260A 
A07072 
0 
2600 
646034 
0 
26EO 
A40036 
026E3 4830344E 


26E7 
717FOF 


26EA 
F3 
02bEB FO 


2800 
2800 
901660 
2803 
366009 
280b 
718F60 
02809 95100F 
280C 
EFF'F8 


684 
b8' 
686 
687 
688 
689 
690 
691 
692 
693 
694 
69' 
696 
.b97 
698 
699 
700 
701 
702 
703 
704 
70' 
70b 
707 
708 
709 
710 
711 
712 
713 
714 
71' 
716 
717 
718 
719 
720 
721 
722 
723 
724 
725 
726 
727 
728 
729 
730 
731 
732 
733 


p2bkwd. 
01 
.ndb 
1db 
EI 
br 
p2fwd: 
01 
orb 
1db 
EI 


COlp 
JIt 
1d 
c1r 
g.t_v.h: 


1d 
ld 
ld 
ld 
ld 


,.dd 
.ddc 
sub 


time_err+2. 
zero 
; do 
pos_t.bl. 
~h.n err 
is neg.tive 
.ndJ 
.ndJ 


nltJos 
•• (32+pos_t.blel 
g.t_v.ls 
, 
JUMP 
if 
lower 
nltJos 
•• pos_t.bl. 
ti •••+2 


d."Jos,[nlt-pos1+ 
d."Jos+2.[nltJos]+ 
d.,,_ti •• +2,(nlt-pos]+ 
••• -pwr,(nlt-pos]+ 
••• 
_brk, 
•• IJwr 
d."Jos,off 
••t 
4.5-,0.+2, 
Zero 
l.stJos_.rr.d.sJo5.posltlon 


I'1AIN_PROQ: 


orb 
Jbc 
.ndb 
IOTb 
c.11 


iosl_b.Ic,1051 
iosl_b.k,6,control 
los1_b.k •• 101111118 
Portl ••0ool00008 
HSI_OATA_INT 


cl ••r 
los1_b.k.6 
Compl 
8it 
PI. 4 


prevent 
lockup 


280F 
73~ 
control: 


280F 
912D08 
73' 
orb 
int_OIask••00101101B 
I 
enab Ie h5i, 
hso. 
swt. 
tovf 
interrupts 
2812 
FD 
736 
nop 
2813 
FD 
737 
nop 
2814 
FD 
73B 
nop 
281:5 E06FFD 
739 
dJnz 
•••in_dlv·· 
2818 
FD 
740 
nop 
2B19 
9:50BOF 
741 
xorb 
portl ••0000l000B 
I 
eOMpli ••ent 
pl.3 
281C 
27E2 
742 
BR 
I'IAIN_PROQ 
743 
744 
2900 
74' 
CSEQ 
AT 
2900H 
746 
2900 
747 
pos_tab Ie: 
748 
2900 
00000000 
749 
del 
OOOOOOOOH 
I 
position 
0 
2904 
20008000 
7:50 
de•• 
002OH, 
OOSOH 
I 
nelt 
ti ••. 
po ••••r 
2908 
OOCOOOOO 
7'1 
del 
OOOOeOOOH 
I 
position 
1 
290C 
40004000 
7'2 
de •• 
004OH, 
0040H 
I 
next 
time. 
po •••• ,.. 
2910 
00000000 
7'3 
del 
OOOOOOOOH 
I 
post tion 
2 
2914 
6000COOO 
7'4 
de •• 
0060H. 
OOeOH 
I 
next 
tiline, 
po",,,,.. 
291B 
OOBOFFFF 
7:l:l 
del 
OFFFFBOOOH 
, 
position 
3 
291C 
BOOOBOOO 
7'6 
de •• 
OOSOH. 
OOSOH 
, nelt 
time, 
power 
7'7 
~ 
I 


2920 
OOOBOOOO 
7:lB 
del 
0OOOO800H 
, position 
4 
2924 
5BOOBOOO 
759 
de•• 
OO:lBH. OOBCH 
I 
nelt 
tille, 
power 
~ 
2928 
00300000 
760 
del 
0OO03000H 
I 
position 
:l 
292C 
7000FFOO 
761 
de •• 
0070H. 
OOffH 
I 
nelt 
time, 
po ••••r 
2930 
00000000 
762 
del 
OOOOOOOOH 
I 
position 
6 
2934 
9000FOOO 
763 
de •• 
0090H. 
OOfOH 
, next 
tt •• , 
po",e.,. 
293B 
00000000 
764 
del 
OOOOOOOOH 
, position 
7 
293C 
9100FOOO 
76' 
de •• 
0091H. 
OOfOH 
, next 
ti••". 
power 
766 
767 
2940 
76B 
END 


ASSEMBLY 
COMPLETED. 
NO 
ERROR IS) FOUND. 
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inter 
MSC®·96 
809XBH, 839XBH, 879XBH 


ADVANCED 16·BIT MICROCONTROLLER 
WITH 8· OR 16·BIT EXTERNAL BUS 


• 
879XBH: an 809XBH with 8K Bytes of On-Chip EPROM 
• 
839XBH: an 809XBH with 8K Bytes of On-Chip ROM 


• 
232 B.yte Register 
File 
• 
High Speed 
I/O Subsystem 


• 
Register-to-Register 
Architecture 
• 
Full Duplex Serial Port 


• 
10-Blt A/D 
Converter 
with S/H 
• 
Dedicated 
Baud Rate Generator 


• 
Five 8-Bit I/O 
Ports 
• 
6.25 J.Ls16 x 16 Multiply 


• 
20 Interrupt 
Sources 
• 
6.25 J.Ls32/16 
Divide 


• 
Pulse-Width 
Modulated 
Output 
• 
16-Bit Watchdog 
Timer 


• 
ROM/EPROM 
Lock 
• 
Four 16-Bit Software 
Timers 


• 
Run-Time 
Programmable 
EPROM 
• 
Two 16-Bit Counter/Timers 


The MCS-96 family of 16-bit microcontrollers 
consists 
of many members, 
all of which are designed 
for high- 
speed control 
functions. 
The MCS-96 family members 
produced 
using Intel's 
HMOS-III 
process 
are described 
in this data sheet. 


The CPU supports 
bit, byte, and word operations. 
Thirty-two 
bit double-words 
are supported 
for a subset of the 
instruction 
set. With a 12 MHz input frequency 
the 8096BH 
can do a 16-bit addition 
in 1.0 1J.sand a 16 x 16-bit 
multiply 
or 32/16 
divide in 6.25 1J.s.Instruction 
execution 
times average 
1 to 2 1J.sin typical 
applications. 


Four high-speed 
trigger inputs are provided 
to record the times at which external 
events occur. Six high-speed 
pulse generator 
outputs 
are provided to trigger external 
events at preset times. The high-speed 
output unit can 
simultaneously 
perform 
software 
timer functions. 
Up to four 16-bit software 
timers can be in operation 
at once. 


The 
on-chip 
AID 
converter 
includes 
a Sample 
and 
Hold, 
and 
converts 
up to 8 multiplexed 
analog 
input 
channels 
to 10-bit digital 
values. 
With a 12 MHz crystal, 
each conversion 
takes 
22 1J.s.This feature 
is only 
available 
on the 8X95BHs 
and 8X97BHs, 
with the 8X95BHs 
having 4 multiplexed 
analog 
inputs. 


Also provided 
on-chip 
are a serial port, a Watchdog 
Timer, and a pulse-width 
modulated 
output 
signal. 


inter 


The following section is an overview of the 8X9XBH 
devices, generally referred to as the 8096BH. Addi- 
tional information is available in the Embedded Con- 
troller Handbook, order number 210918. 


The 8096BH uses the same address space for both 
program and data memory, except in the address 
range from OOHthrough OFFH.Data fetches in this 
range are always to the Register File, while instruc- 
tion fetches from these locations are directed to ex- 
ternal memory. (Locations OOHthrough OFFH in ex- 
ternal memory are reserved for Intel development 
systems). 


Within the Register File, locations OOHthrough 17H 
are register mapped I/O control registers, also re- 
ferred to as Special Function Registers (SFRs). The 
rest of the Register File (018H through OFFH)con- 
tains 232 bytes of RAM, which can be referenced as 
bytes, words, or double-words. This register space 
allows the user to keep the most frequently-used 
variables in on-chip RAM, which can be accessed 
faster 
than 
external 
memory. 
Locations 
OFOH 


through OFFHcan be preserved during power down 
via a separate power down pin (VPD). 


Outside of the Register File, program memory, data 
memory, and peripherals can be intermixed. The ad- 
dresses with special significance are: 


OOOOH- 0017H 
Register Mapped I/O (SFRs) 


0018H- 
0019H 
Stack Pointer 


1FFEH- 
1FFFH 
Ports 3 and 4 
2000H- 
2011H 
Interrupt Vectors 


2012H- 
2017H 
Reserved 


2018H 
Chip Configuration Byte 


2019H 
Reserved 


201AH- 
201BH 
"Jump to Self" Opcode (27 FE) 


201CH- 
201FH 
Reserved 


2020H- 
202FH 
Security Key 


2030H- 
207FH 
Reserved 


2080H 
Reset Location 


The 839XBH carries 8K bytes of ROM, while the 
879XBH has 8K bytes of EPROM. With ROM and 


EPROM parts, the internal program memory occu- 
pies addresses 2000H through 3FFFH. Instruction or 
data fetches from these addresses access the on- 
chip memory if the EA pin is externally held at 5V. If 
the EA pin is at OV,these addresses access off-chip 
memory. On the 879XBH parts, holding EA at 
+ 12.75V puts the part in Programming Mode, which 
is described in the EPROM Characteristics Section 
of this data sheet. 


A memory map for the MCS-96 product family is 
shown in Figure 2. 


The RALU (Register/ ALU) section consists of a 17- 
bit ALU, the Program Status Word, the Program 
Counter, and several temporary registers. A key fea- 
ture of the 8096BH is that it does not use an accu- 
mulator. Rather, it operates directly on any register 
in the Register File. Being able to operate directly on 
data in the Register File without having to move it 
into and out of an accumulator results in a significant 
improvement in execution speed. 


In addition to the normal arithmetic and logical func- 
tions, the MCS-96 instruction set provides the fol- 
lowing special features: 


6.25 Jlos Multiply and Divide 
Multiple Shift Instruction 
3 Operand Instructions 
Normalize Instruction 
Software Reset Instruction 


All operations on the 8096BH take place in a set 
number of "State Times." The 8096BH uses a three 
phase internal clock, so each state time is 3 oscilla- 
tor periods. With a 12 MHz clock, each state time 
requires 0.25 Jlos, based on a Toscof 83 ns. 


The 8096BH supports a variety of options to simplify 
memory 
systems, 
interfacing 
requirements 
and 


ready control. Bus flexibility is provided by allowing 
selection of bus control signal definitions and run- 
time selection of the external bus width. In addition, 
several ready control modes are available to simplify 
the external hardware requirements for accessing 
slow devices. The Chip Configuration Register is 
used to store the operating mode information. 
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Configuration information is stored in the Chip Con- 
figuration Register (CCR). Four of the bits in the reg- 
ister specify the bus control mode and ready control 
mode. 
Two 
bits 
also 
govern 
the 
level 
of 


ROM/EPROM protection and one bit is NANDed 
with the BUSWIDTH pin every bus cycle to deter- 
mine the bus size. The CCR bit map is shown in 
Figure 3, and the functions associated with each bit 
are described later. 
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Figure 3. Chip Configuration 
Register 


The CCR is loaded on reset with the Chip Configura- 
tion Byte, located at address 2018H. The CCR regis- 
ter is a non-memory mapped location that can only 
be written to during the reset sequence; once it is 
loaded it cannot be changed until the next reset oc- 
curs. The 8096BH will correctly read this location in 
every bus mode. 


In order to work properly with an 8-bit only system, it 
is necessary to hold the upper address byte on the 
address bus throughout the CCB read cycle since an 
address latch may not be present. However, in a 16- 
bit system, the 8X9XBH must float the high half of 
the bus to avoid contention with the high data byte 
during the CCB read. To accomplish a correct read 
on either 8- or 16-bit buses, the upper address lines 
are current sensed (during CCB read only) and will 
be floated if a current of approximately 1 mA or more 
is detected, indicating a bus contention. 


If the EA pin is set to a logical 0, the access to 
2018H comes from external memory. If EA is a logi- 
cal 
1, 
the 
access 
comes 
from 
internal 


ROM/EPROM. If EA is + 12.5V, the CCR is "loaded 
with a byte from a separate non-memory-mapped 
location called PCCB (Programming CCB). The Pro- 
gramming Mode is described in the EPROM Charac- 
teristics Section. 


The 8096BH external bus width can be run-time 
configured to operate as a standard 16-bit multi- 
plexed address/data bus, or as an 8088 minimum 
mode type 16-bit address/ 8-bit data bus. 


During 16-bit bus cycles, Ports 3 and 4 contain the 
address multiplexed with data using ALE to latch the 
address. In 8-bit bus cycles, Port 3 is multiplexed 
address/ data while Port 4 is address bits 8 through 
15. The address bits on Port 4 are valid throughout 
an 8-bit bus cycle. Figure 4 shows the two options. 


The bus width can be changed each bus cycle and 
is controlled using bit 1 of the CCR with the BUS· 
WIDTH pin. If either CCR.1 or BUSWIDTH is a 0, 
external accesses will be over a 16-bit address/8-bit 
data bus. If both CCR.1 and BUSWIDTH are 1s, ex- 
ternal accesses will be over a 16-bit address/16-bit 
data bus. Internal accesses are always 16-bits wide. 


The bus width can be changed every external bus 
cycle if a 1 was loaded into CCR bit 1 at reset. If this 
is the case, changing the value of the BUSWIDTH 
pin at run-time will dynamically select the bus width. 
For example, the user could feed the INST line into 
the BUSWIDTH pin, thus causing instruction access- 
es to be word wide from EPROMs while data ac- 
cesses are byte wide to and from RAMs. A second 
example would be to place an inverted version of 
address bit 15 on the BUSWIDTH pin. This would 
make half of external memory word wide, while half 
is byte wide. 


Since BUSWIDTH is sampled after address decod- 
ing has had time to occur, even more sophisticated 
memory maps can be constructed. See the timing 
specifications 
for 
an 
exact 
description 
of 
BU- 


SWIDTH timings. The bus width will be determined 
by bit 1 of the CCR alone on 48-pin parts since they 
do not have a BUSWIDTH pin. 


When using an 8-bit bus, some performance degra- 
dation is to be expected. On the 8096BH, instruction 
execution times with an 8-bit bus will slow down if 
any of three conditions occur. First, word writes to 
external memory will cause the executing instruction 
to take two extra state times to complete. Second, 
word reads from external memory will cause a one 
state time extension of instruction execution time. 
Finally, if the prefetch queue is empty when an in- 
struction fetch is requested, instruction execution is 
lengthened by one state time for each byte that 
must be externally acquired (worst case is the num- 
ber of bytes in the instruction minus one). 


PORT. 


PORT 3 


8-BIT 
PORT. 
LATCHED 
ADDRESS HIGH 


The 8096BH can be made to provide bus control signals of several types. Three control lines have dual 
functions designed to reduce external hardware. Bits 2 and 3 of the CCR specify the functions performed by 
these control lines. 


Standard 
Bus Control 


If CCR bits 2 and 3 are 1s, then the standard 8096BH control signals WR, BHE and ALE are provided (Fi~ 
5). WR will come out for every write. BHE will be valid throughout the bus cycle and can be combined with WR 
and address line 0 to form WRL and WRH. ALE will rise as the address starts to come out, and will fall to 
provide the signal to externally latch the address. 
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ADO -7 
--1ADDR 
LOWl 
DATA OUT r-- 


ADO -15 --1 
ADDR 
l 
DATA OUT 
~ 
ADS -15 --i 
A_D_DR_E_S_S_H_IG_H 
__ 
~ 


Write Strobe 
Mode 


The Write Strobe 
Mode eliminates 
the necessity 
to externally 
decode 
for odd or even ~e 
writes. 
If CCR bit 2 
is a 0, and the bus is in a 16-bit cycle, WRL and WRH signals are providedJ!!..e!ace 
of WR and SHE (Figure 6). 
WRL will go low for all byte writes to an even address and all word writes. WRH will go low for all byte writes to 
an odd address 
and all word writes. 


In an a-bit bus cycle WRL will go active for all writes. 


A unique ability of the bus controller 
is to utilize the CCR to select at reset time the width of the WR signal by 
changing 
the position 
of the falling edge relative to the memory cycle. Clearing bit 2 of the CCR to 0 will enable 
a shorter 
WR width. This is useful when interlacing 
to devices 
that latch data on the falling edge of WR. 


LJ 
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Address Valid Strobe Mode 


If CCR bit 3 is a 0, then an Address 
Valid Strobe is provided 
in the place of ALE (Figure 7). When the Address 
Valid Mode is selected, 
ADV will go low after an external 
address 
is set up. It will stay low until the end of the 
bus cycle, where 
it will go inactive 
high. This can be used to provide 
a chip select for external 
memory. 
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r- 
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WR 
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I 
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Address Valid with Write Strobe 


If both CCR bits 2 and 3 are Os, both the Address 
Valid Strobe and the Write Strobes 
will be provided 
for bus 
control. 
Figure 8 shows these signals. 
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Figure 8. Write Strobe with Address Valid Strobe 
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To simplify ready control, four modes of internal 
ready control logic have been provided. The modes 
are chosen by properly configuring bits 4 and 5 of 
the CCR. 


The internal ready control logic can be used to limit 
the number of wait states that slow devices can in- 
sert into the bus cycle. When the READY pin is 
pulled low, wait states will be inserted into the bus 
cycle until the READY pin goes high, or the number 
of wait states equals the number specified by CCR 
bits 4 and 5, whichever comes first. Table 1 shows 
the number of wait states that can be selected. In- 
ternal ready control can be disabled by loading 11 
into bits 4 and 5 of the CCR. 


IRC1 
IRCO 
Description 


0 
0 
Limit to 1 Wait State 
0 
1 
Limit to 2 Wait States 
1 
0 
Limit to 3 Wait States 
1 
1 
Disable Internal Ready Control 


This feature provides for simple ready control. For 
example, every slow memory chip select line could 
be ORed together and be connected to the READY 
pin with CCR bits 4 and 5 programmed to give the 
proper number of wait states to the slow devices. 


Four modes of program memory lock are available 
on the 839XBH and 879XBH parts. CCR bits 6 and 7 
(LOCO, LOC1) select 
whether 
internal 
program 


memory can be read (or written in EPROM parts) by 
a program executing from external memory. The 
modes are shown in Table 2. Internal ROM/EPROM 
addresses 2020H through 3FFFH are protected 
from reads while 2000H through 3FFFH are protect- 
ed from writes, as set by the CCR. 


LOC1 
LOCO 
Protection 


0 
0 
Read and Write Protected 
0 
1 
Read Protected 
1 
0 
Write Protected 
1 
1 
No Protection 


Only code executing from internal memory can read 
protected internal memory, while a write protected 
memory can not be written to, even from internal 
execution. As a result of 8096BH prefetching of in- 
structions, however, accesses to protected memory 
are not allowed for 
instructions 
located above 


3FFAH. Note that the interrupt vectors and the CCR 
are not protected. 


To provide ROM/EPROM lock while allowing verifi- 
cation and testing, the 839XBH and 879XBH require 
security key verification before programming or test 
modes are allowed to read protected memory. More 
information on ROM/EPROM Lock can be found in 
the EPROM Characteristics section. 


The HSIO unit consists of the High Speed Input Unit 
(HSI),the High Speed Output Unit (HSO), one coun- 
ter and one timer. "High Speed" denotes that the 
units can perform functions related to the timers 
without CPU intervention. The HSI records times 
when events occur and the HSO triggers events at 
pre-programmed times. 


All actions within the HSIO unit are synchronized to 
the timers. The two 16-bit timer/counter registers in 
the HSIO unit are cleared on chip reset and can be 
programmed to generate an interrupt on overflow. 
The Timer 1 register is automatically incremented 
every 8 state times (every 2.0 Jlos, with a 12 MHz 
clock). The Timer 2 register can be programmed to 
count transitions on either the T2CLK pin or HSI.1 
pin. It is incremented on both positive and negative 
edges of the selected input line. In addition to being 
cleared by reset, Timer 2 can also be cleared in soft- 
ware or by signals from input pins T2RST or HSI.O. 
Neither of these timers is required for either the 
Watchdog Timer or the serial port. 


The High Speed Input (HSI) unit can detect tran- 
sitions on any of its 4 input lines. When one occurs it 
records the time (from Timer 1) and which input lines 
made the transition. This information is recorded 
with 2 Jlos (12 MHz system) resolution and stored in 
an 8-level FIFO. The unit can be programmed to 
look for four types of events, as shown in Figure 9. It 
can activate the HSI Data Available interrupt either 
when the Holding Register is loaded or the 6th FIFO 
entry has been made. Each input line can be individ- 
ually enabled or disabled to the HSI unit by software. 
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The High Speed Output (HSO) unit is shown in Fig- 
ure 10. It can be programmed to set or clear any of 
its 6 output lines, reset Timer 2, trigger an AID con- 
version, or set one of 4 Software Timer flags at a 
programmed time. An interrupt can be enabled for 
any of these events. Either Timer 1 or Timer 2 can 
be referenced for the programmed time value and 
up to 8 commands for preset actions can be stored 


in the CAM (Content Addressable Memory) file at 
anyone 
time. As each action is carried out at its 


preset time that command is removed from the CAM 
making space for another command. HSO.4 and 
HSO.5 are shared with the HSI unit as HSI.2 and 
HSI.3, and can be individually enabled or disabled as 
outputs. 
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There are 58-bit I/O ports on the 8096BH in addi- 
tion to the High Speed I/O lines. 


Port 0 is an input-only port which shares its pins with 
the analog inputs to the AID converter. The port can 
be read digitally and/or, by writing to the AID Com- 
mand Register, one of the lines can be selected as 
the input to the AID converter. Port 0 is also used to 
input mode information on EPROM parts operating 
in the Programming Mode. 


Port 1 is a quasi-bidirectional I/O port. "Quasi-bidi- 
rectional" means the port pin has a weak internal 
pullup that is always active and an internal pulldown 
which can either be on (to output a 0) or off (to out- 
put a 1). This configuration allows the pin to be used 
as either an input or an output without using a data 
direction register. In parallel with the weak internal 
pullup is a much stronger internal pullup that is acti- 
vated for one state time when the pin is internally 
driven from 0 to 1. This is done to speed up the O-to- 
1 transition time. 


Port 2 is a multi-functional port. Two of the pins 
(P2.6, 2.7) are quasi-bidirectional while the remain- 
ing six are shared with other functions 
in the 


8096BH, as shown in Table 3. Port 2 is also used for 
control signals by EPROM parts operating in the 
Programming Mode. 


Port 
Function 
Alternate 
Function 


P2.0 
Output 
TXD (Serial Port Transmit) 


P2.1 
Input 
RXD (Serial Port Receive) 


P2.2 
Input 
EXTINT (External Interrupt) 


P2.3 
Input 
T2CLK (Timer 2 Clock) 


P2.4 
Input 
T2RST (Timer 2 Reset) 


P2.5 
Output 
PWM (PulseWidth Modulation) 


Ports 3 and 4 are bi-directional I/O ports with open 
drain outputs. These pins are also used as the multi- 
plexed address/data bus when accessing external 
memory, in which case they have strong internal 
pullups. The internal pullups are only used during 
external memory read or write cycles when the pins 
are outputting address or data bits. At any other 
time, the internal pullups are disabled. When used 
as a system bus, Ports 3 and 4 can be configured to 
be either a multiplexed 16-bit address/data bus or a 
multiplexed 16-bit address/ 8-bit data bus. EPROM 
parts also use Ports 3 and 4 to pass programming 
commands, addresses, data and status. 


The serial port is compatible with the MCS-51 family, 
(8051, 8031 etc.), serial port. It is full duplex, and 
double-buffered on receive. There are 3 asynchro- 
nous modes and 1 synchronous mode of operation 
for the serial port. The asynchronous modes allow 
for 8 or 9 bits of data with even parity optionally 
inserted for one of the data bits. Selective interrupts 
based on the 9th data bit are available to support 
interprocessor communication. 


Baud rates in all modes are determined by an inde- 
pendent 16-bit on-chip baud rate generator. Either 
the XTAL1 pin or the T2CLK pin can be used as the 
input to the baud rate generator. The maximum baud 
rate in the asynchronous mode is 187.5 KBaud. The 
maximum baud rate in the synchronous mode is 1.5 
MBaud. 


The PWM output shares a pin with port bit P2.5. 
When the PWM output is selected, this pin outputs a 
pulse train having a fixed period of 256 state times, 
and a programmable width of 0 to 255 state times. 
The width is programmed by loading the desired 
value, in state times, to the PWM Control Register. 


The on-chip analog-to-digital acquisition system is a 
monotonic successive approximation converter with 
the sample and hold, multiplexer, and 0/ A ladder 
circuits built into the silicon. This system can multi- 
plex up to eight channels of conversion to 10 bits of 
resolution (1024 unique codes). It has a fixed con- 
version time of 88 state times which includes the 4 
state time sample window. With a 12 MHz clock the 
conversion would takes 22 /J-s,of which one micro- 
second is the sample window. The sample window 
period begins 4 state times after the conversion is 
triggered. A 2 pF capacitance is charged from the 
input signal during this sample window period. 


In many applications it is less critical to record the 
absolute accuracy of an input, than it is to resolve 
that some determinable change has occurred. This 
is an acceptable approach as long as the converter 
is guaranteed to be monotonic and has no missing 
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codes, 
as is the case for the 8X9XBH. 
This means 


that increasing 
input voltages 
produce 
adjacent 
and 


unique 
output 
codes 
that 
are also 
increasing. 
De- 


creasing 
input voltages 
are guaranteed 
to produce 


adjacent 
and unique 
output 
codes 
that are also de- 


creasing. 
There 
exists 
on the 8X9XBH 
for each 
10- 


bit output 
code 
a unique 
input 
voltage 
range 
that 


produces 
that code only, with a repeatability 
of typi- 
cally ± 0.25 LSB's (1.5 mV). 


The 
8X9XBH 
datasheet 
guarantees 
that 
the 
maxi- 


mum 
Differential 
Non-Linearity 
will 
be 
2 
analog 


LSB's, 
or 10 mV (the minimum 
is zero). 
Differential 


non-linearity 
specifies 
the maximum 
difference 
be- 


tween 
the actual 
code 
widths 
seen 
in a converter 


and what 
those 
code 
widths 
would 
be in an ideal 


(perfect) 
converter. 
In the 8X9XBH 
10-bit converter, 


the code widths 
are ideally 5 mV (5.12 VREF/1024). 
If such a converter 
is specified 
to have a maximum 


Differential 
Non-Linearity 
of 10 mV, then the maxi- 


mum code width will be no greater than 10 mV larger 
than ideal, or 15 mV. This indicates 
to the user how 


much 
the 
input 
voltage 
may 
have 
changed 
under 


worst 
case 
conditions 
to 
produce 
a 
one 
count 


change 
in a particular 
10-bit conversion. 
Due to the 


fact 
that 
the 
8X9XBH 
converter 
has 
no 
missing 


codes, the minimum 
code width will always be great- 


er than zero. The differential 
non-linearity 
error on a 


particular 
code 
width 
is compensated 
for by other 


code widths 
in the transfer 
function 
such that 
1024 


unique 
steps 
occur. 
The actual 
code 
widths 
in the 


8X9XBH 
converter 
typically 
vary from about 2.5 mV 


to 7.5 mV. 


The 
analog 
input 
must 
be in the range 
of zero to 


VREF (nominally, 
VREF = 5V). This input can be se- 


lected 
from 
8 analog 
inputs 
which 
connect 
to the 


same pins as PORT o. A conversion 
can be initiated 


either by setting the control 
bit in the AID 
Command 


Register 
(Address 
02Hex), 
or by programming 
the 


High Speed Output CAM to trigger the conversion 
at 


some 
specified 
time with sampling 
intervals 
occur- 


ring accurate 
to ± 50 ns. (See AP 406, 
"MCS-96 


Analog 
Acquisition 
Primer" 
for further 
information.) 


Interrupts 


The 8096BH 
has 20 interrupt 
sources 
which 
vector 


through 
8 interrupt 
vectors. 
A 0-to-1 
transition 
from 


any of the sources 
sets a corresponding 
bit in the 


Interrupt 
Pending 
register. 
The content 
of the Inter- 


rupt Mask register 
determines 
if a pending 
interrupt 


will be serviced 
or not. If it is to be serviced, 
the CPU 


pushes the current 
Program 
Counter 
onto the stack 


and reloads 
it with the vector 
corresponding 
to the 


desired 
interrupt. 
The interrupt vectors 
are located 
in 


addresses 
2000H 
through 
2011 H, as shown 
in Fig- 


ure 11. 


The maximum 
transition 
speed of the interrupt 
inputs 


is limited to one transition 
per state time (250 ns at 


12 MHz). Since interrupt 
recognition 
is based up on 


a zero to one transition 
on the pin, a normally 
high 


signal must go low for one state time, and then tran- 
sition 
high in a subsequent 
state 
time. 
A normally 


low input signal must go high for one state time, and 
not return low until a subsequent 
state time. 


Vector 
Location 
Vector 
(High 
(Low 
Priority 


Byte) 
Byte) 


Software 
2011H 
2010H 
Not Applicable 


Extint 
200FH 
200EH 
7 (Highest) 


Serial Port 
200DH 
200CH 
6 
Software 
200BH 
200AH 
5 
Timers 
HSI.O 
2009H 
2008H 
4 


High Speed 
2007H 
2006H 
3 


Outputs 
HSI Data 
2005H 
2004H 
2 
Available 
AID Conversion 
2003H 
2002H 
1 


Complete 
Timer Overflow 
2001H 
2000H 
o (Lowest) 


----42----·· -21----..-3----.....-12--.. 


IF STACK 
'PUSHF' ~ 
EXTERNAL ---- 


EXTINTS- 


PENDING 
BIT .J SET 


I. 


=-4--,.r 
...- 
,...""'::f ••..•.••• 
""'••.•""".''''''1 
"VIII 
L111CJ ~LQ\"" 
tUIU 
execution continues where it left off. It is not neces- 
sary to store and replace registers during interrupt 
routines as each routine can be set up to use a dif- 
ferent section of the Register File. This feature of 
the 
architecture 
provides for 
very fast 
context 


switching. While the 8096BH has a single priority 
level in the sense that any interrupt may itself be 
interrupted, a priority structure exists for resolving 
simultaneously pending interrupts, as indicated in 
Figure 11. Since the interrupt pending and interrupt 
mask registers can be manipulated in software, it is 
possible to dynamically alter the interrupt priorities to 
suit the users software. 


Watchdog 
Timer 


The Watchdog Timer is a 16·bit counter which, once 
started, is incremented every state time. If not 


pUlleooown Tortwo state times, causing the system 
to be reinitialized. In a 12 MHz system, the Watch- 
dog Timer overflows after 16 ms. 


This feature is provided as a means of graceful re- 
covery from a software upset. The counter must be 
cleared by the software before it overflows, or else 
the system assumes an upset has occurred and acti- 
vates RESET. Once the Watchdog Timer is started it 
cannot be turned off by software. The flip-flop which 
enables the Watchdog Timer has been designed to 
maintain its state through Vcc glitches to as low as 
OVor as high as 7V for 1 J.Lsto 1 ms. 


To start the Watchdog Timer, or to clear it, one 
writes 1EH followed by OE1H to the WDT address 
(OOOAH).The Watchdog cannot be stopped once it 
is started unless the system is reset. 
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The 8096BH 
is available 
in 48-pin and 68-pin packages. 
with and without 
AID, 
and with and without 
on-chip 
ROM or EPROM. 
The 8096BH 
numbering 
system 
is shown 
in Figure 12. Figures 
13-17 
show the pinouts 
for 
the 48- and 68-pin packages. 
The 48-pin version 
is offered 
in a Dual-In-Line 
package 
while the 68-pin versions 
come in a Plastic Leaded 
Chip Carrier (PLCC), a Pin Grid Array (PGA) or a Type "B" 
Leadless 
Chip Carrier. 


Without 
AID 
With AID 


48 Pin 
C8095CH 
- Ceramic 
DIP 
P8095BH 
- Plastic DIP 


ROMless 
A8096BH 
- Ceramic 
PGA 
A8097BH 
- Ceramic 
PGA 
68 Pin 
N8096BH 
- PLCC 
N8097BH 
- PLCC 


48 Pin 
C8395BH 
- Ceramic 
DIP 
P8395BH 
- Plastic DIP 


ROM 
A8396BH 
- Ceramic 
PGA 
A8397BH 
• Ceramic 
PGA 
68 Pin 
N8396BH 
- PLCC 
N8397BH 
- PLCC 


48 Pin 
C8795BH 
- Ceramic 
DIP 
EPROM 
A8796BH 
- Ceramic 
PGA 
A8797BH 
• Ceramic 
PGA 
68 Pin 
R8796BH 
- Ceramic 
LCC 
R8797BH 
• Ceramic 
LCC 


PGAI 
PLCC 
Description 
PGAI 
PLCC 
Description 
PGAI 
PLCC 
Description 
LCC 
LCC 
LCC 


1 
9 
ACH7 /PO. 7/PMOD.3 
24 
54 
AD6/P3.6 
47 
31 
P1.6 


2 
8 
ACH6/PO.6/PMOD.2 
25 
53 
AD7/P3.7 
48 
30 
P1.5 


3 
7 
ACH2/PO.2 
26 
52 
AD8/P4.0 
49 
29 
HSO.1 


4 
6 
ACHO/PO.O 
27 
51 
AD9/P4.1 
50 
28 
HSO.O 


5 
5 
ACH1/PO.1 
28 
50 
AD10/P4.2 
51 
27 
HSO.5/HSI.3 


6 
4 
ACH3/PO.3 
29 
49 
AD11/P4.3 
52 
26 
HSO.4/HSI.2 


7 
3 
NMI 
30 
48 
AD12/P4.4 
53 
25 
HSI.1 


8 
2 
EA 
31 
47 
AD13/P4.5 
54 
24 
HSI.O 


9 
1 
VCC 
32 
46 
AD14/P4.6 
55 
23 
P1.4 


10 
68 
VSS 
33 
45 
AD15/P4.7 
56 
22 
P1.3 


11 
67 
XTAL1 
34 
44 
T2CLK/P2.3 
57 
21 
P1.2 


12 
66 
XTAL2 
35 
43 
READY 
58 
20 
P1.1 


13 
65 
CLKOUT 
36 
42 
T2RST/P2.4 
59 
19 
P1.0 


14 
64 
BUSWIDTH 
37 
41 
BHE/WRH 
60 
18 
TXD/P2.0/PVER/SALE 


15 
63 
INST 
38 
40 
WR/WRL 
61 
17 
RXD/P2.1/PALE 


16 
62 
ALE/ADV 
39 
39 
PWM/P2.5/PDO/SPROG 
62 
16 
RESET 


17 
61 
RD 
40 
38 
P2.7 
63 
15 
EXTINT /P2.2/PROG 


18 
60 
ADO/P3.0 
41 
37 
VPP 
64 
14 
VPD 


19 
59 
AD1/P3.1 
42 
36 
VSS 
65 
13 
VREF 


20 
58 
AD2/P3.2 
43 
35 
HSO.3 
66 
12 
ANGND 


21 
57 
AD3/P3.3 
44 
34 
HSO.2 
67 
11 
ACH4/PO.4/PMOD.0 


22 
56 
AD4/P3.4 
45 
33 
P2.6 
68 
10 
ACH5/PO.5/PMOD.1 


23 
55 
AD5/P3.5 
46 
32 
P1.7 


Figure 
13. PGA, PLCC and LCC Function 
Pinouts 


6-13 


RXD/P2.1 


TXD/P2.0 


HSIO 


HSI1 


HSI2/HSO. 


HSI3/HS05 


HSOO 


HSOI 


HS02 


HS03 


VSS 
Vpp 


PWt.4/P2.5 


WRL/WR 


WRH/BHE 


READY 


ADI5/P 
•• 7 


AD1./P 
•• 6 


AD13/P •• 5 


ADI2/P 
•.• 


AD11/P •. 3 


AD10/P •. 2 


AD9/P •• l 


AD8/P •• 0 


RESET 


EXTINT/P2.2 


VpD 


VREF 
ANGND 


ACH./PO •• 


ACH5/PO.5 


ACH7/PO.7 


ACH6/PO.6 


EA 


Vee 


Vss 
XTALl 


XTAL2 


ALE/ADV 


RD 


AOO/P3.0 


AD1/P3.1 


AD2/P3.2 


AD3/P3.3 


AD./P3 
.• 


AD5/P3.5 


AD6/P3.6 


AD7/P3.7 


ACH5/PO.S 


ACH.4/f'O.4 


ANGND 
V." 


VPD 
14 


EXTlNT/P2.2 
15 


RtSET 


RXO!P2.1 


TXO/p2.0 


Pl.D 


P1.1 


P1.2 


P1.3 


Pl •• 


HSIO 


HSI1 


HSI2/HS04 


t.4CS®-96 
68 PIN 
PLCC 


,.,. 
2. 


21 


22 


23,. 


25 


26 
« 


272B29303132~3.~36n~~~.l~.3 


TOP VIEW 
LOOKING DOWN ON 
COt.4PONENTSIDE 
OF PC BOARD 


AOOjP3.0 


"OIIP3.1 


AD2/P3.2 


AD3/Pl.3 


A04/P3.o4 


A05/p3.5 


A06/p3.6 
,,07/Pl.7 
Aos/p •. a 


AOt/P4.1 


AOIO/p.4..2 


ADll/p ..•.! 


•.OI2/P .•..• 


ADIJ/P4.' 


AD14/P4.6 


AnTS/P •. 7 


T2CLK/P2.3 


Pins Facing Down 


17 15 13 
11 
9 
7 
5 
3 
," 


18 19 16 ,. 
12 10 
8 
6 
• 
2 
68 


2021 
67 66 
t.4CSQ!I-96 
22 23 
68 PIN 
65 6. 


2.25 
GRIDARRAY 
63 62 


2627 
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TOP VIEW 
28 29 
LOOKINGDOWN ON 
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30 31 
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32 33 
OF PC BOARD 
55 5. 
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36 38 .0 
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•• 
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51 


Figure 16.68-Pln Package 
(Pin Grid Array - Top View) 
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Symbol 
, 
Name and Function 


Vcc 
Main supply voltage 
(5V). 


Vss 
Digital circuit ground 
(OV). There are two Vss pins, both of which must be connected. 


VPD 
RAM standby 
supply voltage 
(5V). This voltage 
must be present 
during normal operation. 
In a Power 


Down condition 
(Le. Vcc drops to zero), if RESET is activated 
before 
Vcc drops below spec and VPD 
continues 
to be held within spec., the top 16 bytes in the Register 
File will retain their contents. 
RESET 
must be held low during the Power Down and should 
not be brought 
high until Vcc 
is within spec and 
the oscillator 
has stabilized. 


VREF 
Reference 
voltage 
for the AID 
converter 
(5V). VREF is also the supply voltage 
to the analog 
portion 
of 
the AID 
converter 
and the logic used to read Port 0, 


ANGND 
Reference 
ground for the AID 
converter. 
Must be held at nominally 
the same potential 
as VSS' 


VPP 
Programming 
voltage 
for the EPROM 
parts. It should 
be + 12.75V for programming. 
This pin must be 
left floating 
in the application 
circuit. 


XTAL1 
Input of the oscillator 
inverter 
and of the internal 
clock generator. 


XTAL2 
Output of the oscillator 
inverter. 


CLKOUT 
Output of the internal 
clock generator. 
The frequency 
of CLKOUT 
is Va the oscillator 
frequency. 
It has a 
33% duty cycle. 


RESET 
Reset input to the chip. Input low for at least 2 state times to reset the chip. The subsequent 
low-to-high 
transition 
re-synchronizes 
CLKOUT 
and commences 
a 1O-state-time 
sequence 
in which the PSW is 
cleared, 
a byte read from 201BH loads CCR, and a jump to location 
20BOH is executed. 
Input high for 
normal operation. 
RESET has an internal 
pullup. 


BUSWIDTH 
Input for bus width selection. 
If CCR bit 1 is a one, this pin selects 
the bus width for the bus cycle in 
progress. 
If BUSWIDTH 
is a 1, a 16-bit bus cycle occurs. 
If BUSWIDTH 
is a 0 an B-bit cycle occurs. 
If 
CCR bit 1 is a 0, the bus is always an B-bit bus. If this pin is left unconnected, 
it will rise to VCC' 


NMI 
A positive 
transition 
causes 
a vector 
to external 
memory 
location 
OOOOH.External 
memory 
from OOH 
through 
OFFH is reserved 
for Intel development 
systems. 


INST 
Output 
high during an external 
memory 
read indicates 
the read is an instruction 
fetch. 
INST is valid 
throughout 
the bus cycle. 


EA 
Input for memory 
select (External 
Access). 
EA equal to a TIL-high 
causes 
memory 
acceSses 
to 


locations 
2000H through 
3FFFH to be directed 
to on-chip 
ROM/EPROM. 
EA equal to a TIL-Iow 
causes 
accesses 
to these locations 
to be directed 
to off-chip 
memory. 
EA = + 12.5V causes 
execution 
to 
begin in the Programming 
Mode. EA has an internal 
pulldown, 
so it goes to 0 unless driven otherwise. 


ALE/ADV 
Address 
Latch Enable or Address 
Valid output, as selected 
by CCR. Both pin options 
provide 
a latch to 
demUltiplex 
the address 
from the address/data 
bus. When the pin is ADV, it goes inactive 
high at the 
end of the bus cycle. ADV can be used as a chip select for external 
memory. 
ALE/ ADV is activated 
only 
during external 
memory 
accesses. 


RD 
Read signal output to external 
memory. 
RD is activated 
only during external 
memory 
reads. 


WR/WRL 
Write and Write Low output to external 
memory, 
as selected 
by the CCR. WR will go low for every 
external 
write, while WRL will go low only for external 
writes where an even byte is being written. 


WR/WRL 
is activated 
only during external 
memory 
writes. 


BHE/WRH 
Bus High Enable or Write High output to external 
memory, 
as selected 
by the CCR. BHE = 0 selects 


the bank of memory 
that is connected 
to the high byte of the data bus. AO = 0 selects 
the bank of 
memory 
that is connected 
to the low byte of the data bus. Thus accesses 
to a 16-bit wide memory 
can 
be to the low byte only (AO = 0, BHE = 1), to the high byte only (AO = 1, BHE = 0), or both bytes 


(AO = 0, BHE = 0). If the WRH function 
is selected, 
the pin will go low if the bus cycle is writing to an 
odd memory 
location. 


Symbol 
Name and Function 


READY 
Ready input to lengthen 
external 
memory 
cycles, for interfacing 
to slow or dynamic 
memory, 
or 


for bus sharing. 
If the pin is high, CPU operation 
continues 
in a normal 
manner. 
If the pin is low 
prior to the falling edge of CLKOUT, 
the memory 
controller 
goes into a wait mode until the next 


positive 
transition 
in CLKOUT 
occurs with READY high. The bus cycle can be lengthened 
by up 
to 1 /-'S. When the external 
memory 
is not being used, READY has no effect. 
Internal 
control 
of 


the number 
of wait states 
inserted 
into a bus cycle held not ready is available 
through 
configuration 
of CCR. READY has a weak internal 
pullup, so it goes to 1 unless externally 
pulled 
low. 


HSI 
Inputs to High Speed 
Input Unit. Four HSI pins are available: 
HSI.O, HSI.1, HSI.2, and HSI.3. Two 
of them (HSI.2 and HSI.3) are shared with the HSO Unit. The HSI pins are also used as inputs by 


EPROM 
parts in Programming 
Mode. 


HSO 
Outputs 
from High Speed Output 
Unit. Six HSO pins are available: 
HSO.O, HSO.1, HSO.2. HSO.3, 


HSO.4, and HSO.5. Two of them (HSO.4 and HSO.5) are shared with the HSI Unit. 


Port 0 
8-bit high impedance 
input-only 
port. These pins can be used as digital inputs and/ or as analog 
inputs to the on-chip 
AID 
converter. 
These pins are also a mode input to EPROM 
parts in the 
Programming 
Mode. 


Port 1 
8-bit quasi-bidirectional 
I/O port. 


Port 2 
8-bit multi-functional 
port. Six of its pins are shared with other functions 
in the 8096BH, 
the 
remaining 
2 are quasi-bidirectional. 
These pins are also used to input and output control 
signals 
on EPROM 
parts in Programming 
Mode. 


Ports 3 and 4 
8-bit bi-directionall/O 
ports with open drain outputs. 
These pins are shared with the multiplexed 
address/data 
bus which has strong internal 
pull ups. Ports 3 and 4 are also used as a command, 


address 
and data path by EPROM 
parts operating 
in the Programming 
Mode. 


The 8096BH instruction set makes use of six ad- 
dressing modes as described below: 


DIRECT-The 
operand is specified by an 8-bit ad- 
dress field in the instruction. The operand must be in 
the Register File or SFR space (locations OOOOH 
through OOFFH). 


IMMEDIATE-The 
operand itself follows the op- 
code in the instruction stream as immediate data. 
The immediate data can be either 8-bits or 16-bits as 
required by the opcode. 


INDIRECT-An 
8-bit address field in the instruction 
gives the word address of a word register in the 
Register File which contains the 16-bit address of 
the operand. The operand can be anywhere in mem- 
ory. 


INDIRECT WITH AUTO-INCREMENT-Same 
as 
Indirect, except that, after the operand is referenced, 
the word register that contains the operand's ad· 
dress is incremented by 1 if the operand is a byte, or 
by 2 if the operand is a word. 


INDEXED (LONG AND SHORT)- The instruction 
contains an 8-bit address field and either an 8-bit or 
a 16-bit displacement field. The 8-bit address field 
gives the. word address of a word register in the 
Register File which contains a 16-bit base address. 
The 8- or 16-bit displacement field contains a signed 
displacement that will be added to the base address 
to produce the address of the operand. The operand 
can be anywhere in memory. 


The 8096BH contains a zero register at word ad- 
dress OOOOH(and which contains OOOOH).This reg- 
ister is available for performing comparisons and for 
use as a base register in indexed addressing. This 
effectively provides direct addressing to all 64K of 
memory. 


In the 8096BH, the Stack Pointer is at word address 
0018H in the Register File. If the 8-bit address field 
contains 18H, the Stack Pointer becomes the base 
register. This allows direct accessing of variables in 
the stack. 


The follOWing tables list the MCS-96 instructions, 
their opcodes, and execution times. 
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Instruction 
ummary 


Mnemonic 
Oper- 
Operation (Note 1) 
Flags 
Notes 
ands 
Z 
N 
C 
V 
VT 
ST 


ADD/ADDB 
2 
D.-D+A 
'" 
'" 
'" 
'" 
i 
- 


ADD/ADDB 
3 
D.-B+A 
'" 
'" 
'" 
'" 
i 
- 


ADDC/ADDCB 
2 
D.- 
D+A+C 
-1- 
'" 
'" 
'" 
i 
- 


SUB/SUBB 
2 
D'-D-A 
'" 
'" 
'" 
'" 
i 
- 


SUB/SUBB 
3 
D'-B-A 
'" 
'" 
'" 
'" 
i 
- 


SUBC/SUBCB 
2 
D.- 
D-A+C-1 
- 


-1- 
'" 
'" 
'" 
i 
- 


CMP/CMPB 
2 
D-A 
'" 
'" 
'" 
'" 
i 
- 


MUL/MULU 
2 
D, D + 2 .- 
D· A 
- - - - - 
? 
2 


MULIMULU 
3 
D, D + 2 .- 
B· 
A 
- - - - - 
? 
2 


MULB/MULUB 
2 
D, D + 1 .- 
D· A 
, 
- - - - - 
? 
3 


MULB/MULUB 
3 
D, D + 1 .- 
B· 
A 
- - - 
- 
- 
? 
3 


DIVU 
2 
D .- 
(D, D + 2)/ A, D + 2 
.- 
remainder 
- - - 
'" 
i 
- 
2 


DIVUB 
2 
D .- 
(D, D + 1)/A, D + 1 
.- 
remainder 
- - - 
'" 
i 
- 
3 


DIV 
2 
D .- 
(D, D + 2)/ A, D + 2 
.- 
remainder 
- - - 
? 
i 
- 


DIVB 
2 
D .- 
(D, D + 1)/A, D + 1 
.- 
remainder 
- 
- 
- 
? 
i 
- 


AND/ANDB 
2 
D .- 
DandA 
'" 
'" 
0 
0 
- 
- 
AND/ANDB 
3 
D .- 
BandA 
'" 
'" 
0 
0 
- 
- 


OR/ORB 
2 
D.-DorA 
'" 
'" 
0 
0 
- 
- 


XOR/XORB 
2 
D .- 
D (excl. or) A 
'" 
'" 
0 
0 
- 
- 
LD/LDB 
2 
D.-A 
- - - - - 
- 
ST/STB 
2 
A.-D 
- - - - - 
- 


LDBSE 
2 
D'-A;D+1 
.- 
SIGN(A) 
- 
- 
- 
- 
- 
- 
3,4 


LDBZE 
2 
D.-A;D+1 
'-0 
- - - - - 
- 
3,4 


PUSH 
1 
SP .- 
SP - 
2; (SP) .- 
A 
- - - - - 
- 
POP 
1 
A .- 
(SP); SP .- 
SP + 2 
- 
- 
- 
- 
- 
- 
PUSHF 
0 
SP .- 
SP - 
2; (SP) .- 
PSW; 
0 
0 
0 
0 
0 
0 


PSW .- 
OOOOH 
1'- 0 


POPF 
0 
PSW .- 
(SP); SP .- 
SP + 2; 
I.- '" 
'" 
'" 
'" 
'" 
'" 
'" 
SJMP 
1 
PC .- 
PC + 11·bit offset 
- - - - - 
- 
5 


LJMP 
1 
PC .- 
PC + 16-bit offset 
i 
- - - 
- 
- 
- 
5 


BR [indirect) 
1 
PC .- 
(A) 
- - - - - 
- 
SCALL 
1 
SP +..,- SP - 
2; (SP) .- 
PC; 
- - - - 
- 
- 
5 
PC .- 
PC + 11-bit offset 


LCALL 
1 
SP .- 
SP - 
2; (SP) .- 
PC; 
- - 
- 
- 
- 
- 
5 


PC .- 
PC + 16·bit offset 


RET 
0 
PC .- 
(SP); SP .- 
SP + 2 
- - - - 
- 
- 
J (conditional) 
1 
PC .- 
PC + a-bit offset (if taken) 
- - - - - - 
5 
JC 
1 
Jump ifC = 1 
- 
- - - 
- 
- 
5 
JNC 
1 
JumpifC 
= 0 
- - 
- 
- 
- 
- 
5 
JE 
1 
Jump if Z = 1 
- - - 
- - - 
5 


NOTES: 
1. If the mnemonic ends in "B", a byte operation is performed, otherwise a word operation is done. Operands D, B, and A 
must conform to the alignment rules for the required operand type. D and B are locations in the Register File; A can be 
located anywhere in memory. 
2. D, D + 2 are consecutive WORDS in memory; D is DOUBLE-WORD aligned. 
3. D, D + 1 are consecutive BYTES in memory; D is WORD aligned. 
4. Changes a byte to a word. 
5. Offset is a 2's complement number. 
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Instruction 
ummary 
(Continued) 


Mnemonic 
Oper- 
Operation (Note 1) 
Flags 
Notes 
ands 
Z 
N 
C 
V 
VT 
ST 


JNE 
1 
JumpifZ 
= 0 
- - - - - 
- 
5 


JGE 
1 
Jump if N = 0 
- - - - - 
- 
5 


JLT 
1 
Jump if N = 1 
- - - - - 
- 
5 


JGT 
1 
Jump if N = 0 and Z = 0 
- - - - - 
- 
5 


JLE 
1 
Jump if N = 1 or Z = 1 
- - - - - 
- 
5 


JH 
1 
Jump if C = 1 and Z = 0 
- - - - - - 
5 


JNH 
1 
Jump if C = 0 or Z = 1 
- - - - - - 
5 


JV 
1 
Jump if V = 1 
- - - - - 
- 
5 


JNV 
1 
Jump if V = 0 
- - - - - 
- 
5 


JVT 
1 
Jump if VT = 1; Clear VT 
- - - - 
0 - 
5 


JNVT 
1 
Jump if VT = 0; Clear VT 
- - - - 
0 - 
5 


JST 
1 
Jump ifST = 1 
- - - - - - 
5 


JNST 
1 
JumpifST 
= 0 
- - - - - - 
5 


JBS 
3 
Jump if Specified Bit = 1 
- - - - - 
- 
5,6 


JBC 
3 
Jump if Specified Bit = 0 
- - - - - - 
5,6 


DJNZ 
1 
D - 
D - 
1; if D'" 
0 then 
PC - 
PC + a-bit offset 
- - - - 
- 
- 
5 


DEC/DECB 
1 
D-D-1 
•.. 
•.. 
•.. 
•.. 
t 
- 


NEG/NEGB 
1 
D-O-D 
•.. 
•.. 
•.. 
•.. 
t 
- 
INC/INCB 
1 
D-D+1 
•.. 
•.. 
•.. 
•.. 
t 
- 


EXT 
1 
D - 
D; D + 2 - 
Sign (D) 
•.. 
•.. 
0 
0 
- 
- 
2 


EXTB 
1 
D - 
D;D + 1 - 
Sign(D) 
•.. 
•.. 
0 
0 
- 
- 
3 


NaT/NaTB 
1 
D - 
Logical Not (D) 
•.. 
•.. 
0 
0 
- 
- 
CLR/CLRB 
1 
D-O 
1 
0 
0 
0 - - 
SHL/SHLB/SHLL 
2 
C - 
msb-----Isb 
- 
0 
•.. 
? 
•.. 
•.. 
t 
- 
7 


SHRISHRB/SHRL 
2 
0-+ 
msb-----Isb 
-+ 
C 
•.. 
? 
•.. 
0 
- 
•.. 
7 


SHRA/SHRAB/SHRAL 
2 
msb -+ 
msb-----Isb 
-+ 
C 
•.. 
•.. 
•.. 
0 - 
•.. 
7 


SETC 
0 
C-1 
- - 
1 - - - 
CLRC 
0 
C-O 
- - 
0 - - - 
CLRVT 
0 
VT - 
0 
- - - - 
0 - 
RST 
0 
PC - 
20aOH 
0 
0 
0 
0 
0 
0 
a 


DI 
0 
Disable All Interrupts (I - 
0) 
- - - - - - 
EI 
0 
Enable All Interrupts (I - 
1) 
- - - - - - 
Nap 
0 
PC-PC+1 
- - - - - - 
SKIP 
0 
PC-PC+2 
- - - - - - 
NaRML 
2 
Left shift till msb = 1; D - 
shift count 
•.. 
? 
0 - - - 
7 
TRAP 
0 
SP - 
SP - 
2; (SP) - 
PC 
PC - 
(2010H) 
- - - - - 
- 
9 


NOTES: 
1. If the mnemonic ends in "S", a byte operation is performed, otherwise a word operation is done. Operands D, B and A 
must conform to the alignment rules for the required operand type. D and B are locations in the Register File; A can be 
located anywhere in memory. 
5. Offset is a 2's complement number. 
6. Specified bit Is one of the 2048 bits in the register file. 
7. The "L" (Long) suffix indicates double-word operation. 
8. Initiates a Reset by pulling 'I1Em 
low. Software should re·initialize all the necessary registers with code starting at 
2080H. 
9. The assembler will not accept this mnemonic. 


DIRECT 
IMMEDIATE 
INDIRECT@ 
INDEXED@ 


NORMAL 
AUT().INC. 
SHORT 
LONG 


u 
(/) 
Z 
Q 
eel 
eel 
z 
w 
w 
w 
e(/) 
e(/) 
w 
0 
C 
Q 
Q 
Q 
Q 
:E 
a: 
0 
(/) 
~f3 
0 
(/) 
W(/) 
0 


(/) 
Ww 
(/) 
Ww 
0 
(/) 
wf3 
(/) 
wf3 
w 
w 
w 
w 
w 
w 
w 
w 
u ~ 
u ~ 


,",w 
~ 
~ 
lc:E 
~ 
lc:E 
u ~ 
lc:E 
~ 
lc:E 
Z 
A. 
A. 
•.•:E 
A. 
j!:E 
t)1= 
t)1= 


A. 
t)1= 
t)1= 
:E 
0 
0 
CD 
(/)1= 
0 
CD 
(/)1= 
0 
CD 
CD 
0 
CD 
CD 


ARITHMETIC 
INSTRUCTIONS 


ADD 
2 
64 
3 
4 
65 
4 
5 
66 
3 
6111 
3 
7/12 
67 
4 
6111 
5 
7/12 


ADD 
3 
44 
4 
5 
45 
5 
6 
46 
4 
7/12 
4 
8/13 
47 
5 
7112 
6 
8/13 


ADDB 
2 
74 
3 
4 
75 
3 
4 
76 
3 
6111 
3 
7/12 
77 
4 
6111 
5 
7112 


ADDB 
3 
54 
4 
5 
55 
4 
5 
56 
4 
7/12 
4 
8/13 
57 
5 
7112 
6 
8/13 


ADDC 
2 
A4 
3 
4 
A5 
4 
5 
A6 
3 
6111 
3 
7/12 
A7 
4 
6/11 
5 
7/12 


ADDCB 
2 
B4 
3 
4 
B5 
3 
4 
B6 
3 
6/11 
3 
7/12 
B7 
4 
6111 
5 
7112 


SUB 
2 
68 
3 
4 
69 
4 
5 
6A 
3 
6/11 
3 
7/12 
6B 
4 
6111 
5 
7/12 


SUB 
3 
48 
4 
5 
49 
5 
6 
4A 
4 
7/12 
4 
8113 
4B 
5 
7/12 
6 
8113 


SUBB 
2 
78 
3 
4 
79 
3 
4 
7A 
3 
6111 
3 
7112 
7B 
4 
6/11 
5 
7/12 


SUBB 
3 
58 
4 
5 
59 
4 
5 
5A 
4 
7/12 
4 
8113 
5B 
5 
7/12 
6 
8/13 


SUBC 
2 
A8 
3 
4 
A9 
4 
5 
AA 
3 
6111 
3 
7112 
AB 
4 
6111 
5 
7/12 


SUBCB 
2 
B8 
3 
4 
B9 
3 
4 
BA 
3 
6111 
3 
7/12 
BB 
4 
6111 
5 
7112 


CMP 
2 
88 
3 
4 
89 
4 
5 
8A 
3 
6111 
3 
7112 
8B 
4 
6/11 
5 
7/12 


CMPB 
2 
98 
3 
4 
99 
3 
4 
9A 
3 
6111 
3 
7/12 
9B 
4 
6/11 
5 
7/12 


MUW 
2 
6C 
3 
25 
6D 
4 
26 
6E 
3 
27/32 
3 
28/33 
6F 
4 
27/32 
5 
28/33 


MUW 
3 
4C 
4 
26 
4D 
5 
27 
4E 
4 
28133 
4 
29/34 
4F 
5 
28/33 
6 
29/34 


MUWB 
2 
7C 
3 
17 
7D 
3 
17 
7E 
3 
19/24 
3 
20/25 
7F 
4 
19/24 
5 
20/25 


MUWB 
3 
5C 
4 
18 
5D 
4 
18 
5E 
4 
20125 
4 
21126 
5F 
5 
20/25 
6 
21/26 


MUL 
2 
~ 
4 
29 
~ 
5 
30 
~ 
4 
31136 
4 
32137 
(2) 
5 
31/36 
6 
32137 


MUL 
3 
~ 
5 
30 
(2) 
6 
31 
~ 
5 
32/37 
5 
33/38 
(2) 
6 
32/37 
7 
33/38 


MULB 
2 
~ 
4 
21 
(2) 
4 
21 
~ 
4 
23/28 
4 
24/29 
(2) 
5 
23128 
6 
24/29 


MULB 
3 
~ 
5 
22 
~ 
5 
22 
~ 
5 
24/29 
5 
25/30 
~ 
6 
24/29 
7 
25/30 


D1VU 
2 
8C 
3 
25 
8D 
4 
26 
8E 
3 
28/32 
3 
29/33 
8F 
4 
28/32 
5 
29/33 


D1VUB 
2 
9C 
3 
17 
9D 
3 
17 
9E 
3 
20/24 
3 
21125 
9F 
4 
20/24 
5 
21/25 


DIV 
2 
~ 
4 
29 
(2) 
5 
30 
(%) 
4 
32136 
4 
33/37 
~ 
5 
32/36 
6 
33/37 


D1VB 
2 
~ 
4 
21 
(2) 
4 
II 
~ 
4 
24/28 
4 
25/29 
~ 
5 
24/28 
6 
25/29 


NOTES: 
"Long indexed and Indirect + instructions have identical opcodes with Short indexed and Indirect modes, respectively. The 
second byte of instructions using any Indirect or indexed addressing mode specifies the exact mode used. If the second 
byte is even, use Indirect or Short indexed. If it is odd. use Indirect + or Long indexed. In all cases the second byte of the 
instruction always specifies an even (word) location for the address referenced. 
1. Number of state times shown for internal/external operands. 
2. The opcodes for signed multiply and divide are the opcodes for the unsigned functions with an "FE" appended as a 
prefix. 
8. State times shown for 16-bit bus. 


INDIRECT@ 
INDEXED@ 


DIRECT 
IMMEDIATE 
NORMAL 
AUTo-JNC. 
SHORT 
LONG 


(,) 
lI) 
z 
0 
W 
W 
W 
e~ 
e@ 
z 
W 
ell) 
ell) 
0 
c 
0 
lI) 
0 
lI) 
0 
lI) 
lI) 
0 
lI) 
lI) 
w13 
~ 
0 
WlI) 
0 
WlI) 
0 
Ww 
Ww 
0 
Ww 
II: 
W 
!CW 
~ 
!CW 
W 
!C~ 
W 
!C~ 
W 
!C~ 
W 
!C~ 
W 
W 
~ 
~ 


(,) 
(,) 
~ 
~ 
~ ~ 
~ 
Z 
IL 
•..~ 
IL 
•..~ 
IL 
~!= 
~!= 
~!= 
~!= 
~ 
0 
0 
III 
lI)!= 
0 
III 
lI)!= 
0 
III 
III 
0 
III 
III 


LOGICAL INSTRUCTIONS 


AND 
2 
60 
3 
4 
61 
4 
5 
62 
3 
6111 
3 
7/12 
63 
4 
6111 
5 
7/12 


AND 
3 
40 
4 
5 
41 
5 
6 
42 
4 
7/12 
4 
8/13 
43 
5 
7/12 
6 
8/13 


ANDB 
2 
70 
3 
4 
71 
3 
4 
72 
3 
6111 
3 
7/12 
73 
4 
6111 
5 
7/12 


ANDB 
3 
50 
4 
5 
51 
4 
5 
52 
4 
7/12 
4 
8/13 
53 
5 
7/12 
6 
8/13 


OR 
2 
80 
3 
4 
81 
4 
5 
82 
3 
6111 
3 
7/12 
83 
4 
6111 
5 
7/12 


ORB 
2 
90 
3 
4 
91 
3 
4 
92 
3 
6/11 
3 
7/12 
93 
4 
6111 
5 
7/12 


XOR 
2 
84 
3 
4 
85 
4 
5 
86 
3 
6111 
3 
7/12 
87 
4 
6/11 
5 
7/12 


XORB 
2 
94 
3 
4 
95 
3 
4 
96 
3 
6/11 
3 
7/12 
97 
4 
6111 
5 
7/12 


DATA TRANSFER 
INSTRUCTIONS 


LD 
2 
AO 
3 
4 
AI 
4 
5 
A2 
3 
6/11 
3 
7/12 
A3 
4 
6111 
5 
7/12 


LDB 
2 
BO 
3 
4 
BI 
3 
4 
B2 
3 
6/11 
3 
7/12 
B3 
4 
6111 
5 
7/12 


ST 
2 
CO 
3 
4 
- 
- 
- 
C2 
3 
7/11 
3 
8/12 
C3 
4 
7/11 
5 
8/12 


STB 
2 
C4 
3 
4 
- 
- 
- 
C6 
3 
7/11 
3 
8/12 
C7 
4 
7/11 
5 
8/12 


LDBSE 
2 
BC 
3 
4 
BD 
3 
4 
BE 
3 
6/11 
3 
7/12 
BF 
4 
6/11 
5 
7/12 


LDBZE 
2 
AC 
3 
4 
AD 
3 
4 
AE 
3 
6111 
3 
7/12 
AF 
4 
6/11 
5 
7/12 


STACK OPERATIONS 
(Internal atack) 


PUSH 
1 
C8 
2 
8 
C9 
3 
8 
CA 
2 
11115 
2 
12116 
CB 
3 
11/15 
4 
12116 
pop 
I 
CC 
2 
12 
- 
- 
- 
CE 
2 
14/18 
2 
14/18 
CF 
3 
14/18 
4 
14/18 


PUSHF 
0 
F2 
I 
8 


POPF 
0 
F3 
1 
9 
STACK OPERATIONS 
(external atack) 


PUSH 
I 
C8 
2 
12 
C9 
3 
12 
CA 
2 
15/19 
2 
16120 
CB 
3 
15/19 
4 
16120 


POP 
1 
CC 
2 
14 
- - 
- 
CE 
2 
16120 
2 
16/20 
CF 
3 
16/20 
4 
16120 


PUSHF 
0 
F2 
1 
12 


POPF 
0 
F3 
I 
13 


JUMPS AND CALLS 


MNEMONIC 
OPCODE 
BYTES 
STATES 
MNEMONIC 
OPCODE 
BYTES 
STATES 


UMP 
E7 
3 
8 
LCALL 
EF 
3 
13/16<5> 


SJMP 
20-27@ 
2 
8 
SCALL 
28-2F@ 
2 
13/16<5> 


BRII 
EJ 
2 
8 
RET 
FO 
I 
12116<5> 


TRANJ 
F7 
I 
21/24 


NOTES: 
1. Number of state times shown for internal/external operands. 
3. The assembler does not accept this mnemonic. 
4. The least significant 3 bits of the opcode are concatenated with the following 8 bits to form an 11-bit, 2's complement, 
offset for the relative call or jump. 
5. State times for stack located internal/external. 
8. State times shown for 16-bit bus. 


inter 


All conditional 
jumps are 2 byte instructions. 
They require 8 state times if the jump is taken, 4 if it is not.(8) 


MNEMONIC 
OPCODE 
MNEMONIC 
OPCODE 
MNEMONIC 
OPCODE 
MNEMONIC 
OPCODE 


JC 
DB 
JE 
OF 
JGE 
D6 
JGT 
02 


JNC 
03 
JNE 
07 
JLT 
DE 
JLE 
OA 


JH 
09 
JV 
DO 
JVT 
DC 
JST 
08 


JNH 
01 
JNV 
05 
JNVT 
04 
JNST 
DO 


These instructions 
are 3-byte instructions. 
They require 9 state times if the jump is taken, 
5 if it is noU8) 


BIT NUMBER 


MNEMONIC 
0 
1 
2 
3 
4 
5 
6 
7 


JBC 
30 
31 
32 
33 
34 
35 
36 
37 


JBS 
38 
39 
3A 
3B 
3C 
3D 
3E 
3F 


MNEMONIC 


OJNZ 


OPCODE 


EO 


LOOP CONTROL 


BYTES 
3 


STATE 
TIMES 


5/9 STATE TIME (NOT TAKEN/TAKEN)(8) 


MNEMONIC 
OPCODE 
BYTES 
STATES(8) 
MNEMONIC 
OPCODE 
BYTES 
STATES(8) 


OEC 
05 
2 
4 
EXT 
06 
2 
4 


OECB 
15 
2 
4 
EXTB 
16 
2 
4 


NEG 
03 
2 
4 
NOT 
02 
2 
4 


NEGB 
13 
2 
4 
NOTB 
12 
2 
4 


INC 
07 
2 
4 
CLR 
01 
2 
4 


INCB 
17 
2 
4 
CLRB 
11 
2 
4 


INSTR 
WORD 
INSTR 
BYTE 
INSTR 
DBLWD 
STATE 
TIMES(8) 
MNEMONIC 
OP 
B 
MNEMONIC 
OP 
B 
MNEMONIC 
OP 
B 


SHL 
09 
3 
SHLB 
19 
3 
SHLL 
00 
3 
7 + 1 PER SHIFT(7) 


SHR 
08 
3 
SHRB 
18 
3 
SHRL 
OC 
3 
7 + 1 PER SHIFT(7) 


SHRA 
OA 
3 
SHRAB 
1A 
3 
SHRAL 
OE 
3 
7 + 1 PER SHIFT(7) 


MNEMONIC 
OPCODE 
BYTES 
STATES(8) 
MNEMONIC 
OPCODE 
BYTES 
STATES(8) 


SETC 
F9 
1 
4 
01 
FA 
1 
4 


CLRC 
F8 
1 
4 
EI 
FB 
1 
4 


CLRVT 
FC 
1 
4 
NOP 
FO 
1 
4 


RST(6) 
FF 
1 
166 
SKIP 
00 
2 
4 


MNEMONIC 


NORML 


NOTES: 
6. This 
instruction 
takes 
2 states 
to pull RESET 
low, then 
holds 
it low for 2 states 
to initiate 
a reset. 
The reset 
takes 
12 
states, 
at which 
time the program 
restarts 
at location 
2080H. 
If a capacitor 
is tied to RESET, 
the pin may take longer 
to go 
low and may never 
reach the VOL specification. 


7. Execution 
will take at least 8 states, 
even for 0 shift. 


8. State times 
shown 
for 16-bit bus. 


STATUS: 


0= AID 
CURRENTLY 
IDLE 


1 = CONVERSION 
IN PROCESS 
x 


X 


AID 
RESULT: 
LEAST 
SIGNIFICANT 
2 
BITS 


HSI.O 
l.lODE 


HSI.l 
l.lODE 


HSI.2 
l.lODE 


HSI.3 
l.lODE 


WHERE 
EACH 
2 - 
BIT 
l.lODE 
CONTROL 
FIELD 


DEriNES 
ONE 
Of 
4 
POSSIBLE 
l.lODES: 


00 
8 
POSITIVE 
TRANSITIONS 


01 
EACH 
POSITIVE 
TRANSITION 


10 
EACH 
NEGATIVE 
TRANSITION 


11 
EVERY 
TRANSITION 


(POSITIVE 
AND 
NEGATIVE) 


CHANNEL: 


0-5 
HSO.O 
- 
HSO.5 


BIT: 
0]6 
HSO.O 
AND 
HSO.l 


7 
HSO.2 
AND 
HSO.3 


8-B 
SOfTWARE 
TIl.lERS 


2 
E 
RESET 
Tll.lER2 


3 
f 
START 
A I 0 
CONVERSION 


4 
INTERRUPT I NO 
INTERRUPT 


5 
SET I CLEAR 


6 
Tll.lER 
2/T1l.lER 
1 


X 


HSI.O 
STATUS 


HSI.l 
STATUS 


HSI.2 
STATUS 


HSI.3 
STATUS 


WHERE 
fOR 
EACH 
2 - 
BIT 
STATUS 
FIELD 
THE 
LOWER 


81T INDICATES 
WHETHER 
OR 
NOT 
AN 
EVENT 
HAS 


OCCURED 
ON 
THIS 
PIN 
AND 
THE 
UPPER 
81T INDICATES 
THE 
CURRENT 
STATUS 
Of 
THE 
PIN. 


Ql 


CHANNEL I SELECTS WHICH OF THE 8 


1 
ANALOG INPUT CHANNELS 
IS TO BE 
CONVERTED TO DIGITAL fORII. 


: 
GO INDICATES WHEN THE CONVERSION 
IS TO 


BE INITIATED (GO = 1 MEANS 
START 
NOW, 


GO = 0 WEANS 
THE CONVERSION 
IS TO BE 


INmATEO 
8Y THE HSO UNIT AT A SPECIFIED nl.lE). 


270090-24 


o } 
W 
, 


R 
I 


T 


E 


81T'. 
81TD SPECIfY 
THE 1I00E 


00= 
MODE 0 
10=WODE 
2 


01 =MOOE 
1 
11 =WOOE 
3 


PEN 
ENABLE THE PARITY FUNCTION 


REN 
ENABLES THE RECEIVE FUNCTION 


TB8 
PROGR.•.•••S THE 9TH 
DATA BIT 


TI 
IS THE 
TRANSMIT 
INTERRUPT 
FLAG 


RI 
IS THE RECEIVE INTERRUPT FLAG 


Res 
IS THE 9TH 
DATA RECEIVED 


(IF NOT PARITY) 
RPE 
1$ THE 
PARITY 
ERROR 
INDICATOR 


(IF PARITY ACTIVE) 


Using XTAL1: 


Baud 
XTAL1 frequency 
Mod.0: R.t. ~ 
4'(8 + 1) 
;8,. 
0 


Baud 
Xl AL1 frequency 
Others: 
Rite 
= 
64' (8 + 1) 


Using 
T2CLK: 


Blud 
T2CLKfrequency 
ModeO= 
Rete 
= 
B 
;8-:;1:0 


Others: 
~':: 
= T2CLK1=~u.ncy i B + 0 


RESERVED 
(S.t 
to 
1 for 


compatIbility 
with 
future 


pon.) 


BUS 
WIDTH 
SELECT 
(, 6 - 
BIT 8US I B=BifBijS) 


WRITE STROBE 1I00E 
SELECT 
('/ill AND IlHl:/WR[ 
AND WllH) 


ADDRESS 
VAllO 
STROBE 
SELECT 


(ALEI 
AOV) 


(IRCO) 
} INTERNAL 
READY CONTROL 


(IRC') 
1I00E 


(LOCO) } 
(LOC') 
PROGRAII 
LOCK 1I00E 


270090-32 


inter 


. (LOCATION 
09H) 


~ 
I ~EL- 
TIMER QVERfLOW 
. 
L- 
AID COMPLETION 


HSI DATA AVAILABLE 
HSO EVENT 
HSI BIT 0 
SOfTWARE 
TIMERS 
SERIAL I/O 
EXTERNAL INTERRUPT 


HSI.O INPUT ENABLE I DISABLE 


TIMER 2 RESET EACH WRITE 


HSl.l 
INPUT ENABLE I DISABLE 


TIMER 2 EXTERNAL RESET ENABLE I DISABLE 


HSI.2 
INPUT ENABLE I DISABLE 


TIMER 2 RESET SOURCE HSI.O I T2RST 


HSI.3 
INPUT ENABLE I DISABLE 


TIMER 2 CLOCK SOURCE HSI.ll 
T2CLK 


270090-30 


lOCO (15H) 


T2RST --0 •_.IOCO.5 
......:....I 


J~ 
-0----- 
T2 RESET 
~~ 
••• 
IOCO.3 
;_. 
10CO.0 


HSI.O 
~'-'-------- 
HSI 


••• 
IOCO.2 


~--------HSI 


HSI.l 
~-------- 
TIMER2 
T2CLK --0 :_.IOCO.7 
CLOCK 


; •• 
IOCO.4 


HSI.2 
--o~--------HSI 


; •• 
IOCO.6 


HSI.3 
--o~--------HSI 


270090-29 


HSO.O CURRENT STATE 


HSO.l 
CURRENT STATE 


HSO.2 
CURRENT STATE 


HSO.3 
CURRENT STATE 


HSO.4 
CURRENT STATE 


HSO.5 
CURRENT STATE 


CAM Q!! HOLDING REGISTER IS fULL 


HSO HOLDING REGISTER IS fULL 


270090-27 


SELECT PWMI 
SELECT P2.5 


EXTERNAL INTERRUPT ACH7 I EXTINT 


TIMER 1 OVERfLOW 
INTERRUPT ENABLE I DISABLE 


TIMER 2 OVERfLOW 
INTERRUPT ENABLE I DISABLE 


HSO.4 
OUTPUT ENABLE I DISABLE 


SELECT TXDI SELECT P2.0 


HSO.5 
OUTPUT ENABLE I DISABLE 


HSI INTERRUPT 
flfO 
fULL I ~H~OL~D~IN-G~RE-G-IS-T-E-R 
-L-OA-D-E-D 


vector 
Location 
Vector 
(High 
(Low 
Priority 


Byte) 
Byte) 


Software 
2011 H 
2010H 
Not Applicable 
Extint 
200FH 
200EH 
7 (Highest) 
Serial Port 
200DH 
200CH 
6 
Software 
200BH 
200AH 
5 
Timers 
HSI.O 
2009H 
2008H 
4 
High Speed 
2007H 
2006H 
3 
Outputs 
HSI Data 
2005H 
2004H 
2 
Available 
AID 
Conversion 
2003H 
2002H 
1 
Complete 
Timer Overflow 
2001H 
2000H 
o (Lowest) 


SOFlWARE 
TIMER 
0 EXPIRED 


SOFlWARE 
TIMER 
1 EXPIRED 


SOFlWARE 
TIMER 
2 EXPIRED 


SOFlWARE 
TIMER 
3 EXPIRED 


TIMER 
2 HAS 
OVERFLOW 


TIMER 
1 HAS 
OVERFLOW 


HSI 
FIFO 
IS FULL 


HSI 
HOLDING 
REGISTER 
DATA AVAILABLE 
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ELECTRICAL 
CHARACTERISTICS 
ABSOLUTE 
MAXIMUM 
RATINGS* 


Ambient 
Temperature 
Under 
Bias 
.... 
O°C to 
+ 70°C 


Storage 
Temperature 
- 40°C 
to 
+ 150°C 


Voltage 
from 
EA 
or Vpp 
to VSS or ANGND 
-0.3V 
to 
+ 13.0V 


Voltage 
from 
Any 
Other 
Pin to 
VssorANGND 
...•.......... 
-0.3Vto 
+7.0V· 


Average 
Output 
Current 
from 
Any 
Pin 
10 mA 


Power 
Dissipation 
1.5W 
'This 
includes 
Vpp on ROM and CPU only devices. 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE Specifications contained within the 
following tables are subject to change. 


Symbol 
Parameter 
Mln 
Max 
Units 


TA 
Ambient 
Temperature 
Under Bias 
0 
+70 
C 


Vee 
Digital Supply Voltage 
4.50 
5.50 
V 


VREF 
Analog 
Supply Voltage 
4.50 
5.50 
V 


fose 
Oscillator 
Frequency 
6.0 
12 
MHz 


Vpo 
Power-Down 
Supply Voltage 
4.50 
5.50 
V 


NOTE: 
ANGND 
and Vss 
should 
be nominally 
at the same potential. 


D.C. CHARACTERISTICS 
(Test 
Conditions: 
VCC, VREF, 
VpD, 
Vpp, 
VEA = 5.0V 
±0.5V; 
FOSC = 


6.0 
MHz; 
T A = O°C to 70°C; 
VSS, ANGND 
= OV) 


Symbol 
Parameter 
Min 
Max 
Units 
Test 
Conditions 


Ice 
Vce Supply Current(O'C 
,;; TA ,;; 70'C) 
240 
mA 
All Outputs 


leel 
Vee Supply Current 
(TA = 70'C) 
185 
mA 
Disconnected. 


Ipo 
Vpo Supply Current 
1 
mA 
Normal 
operation 


and Power-Down. 


IREF 
VREF Supply Current 
8 
mA 


Vil 
Input Low Voltage 
-0.3 
+0.8 
V 


VIH 
Input High Voltage 
(Except 
RESET, NMI, XTAL1) 
2.0 
Vce 
+0.5 
V 


VIHl 
Input High Voltage, 
RESET Rising 
2.4 
Vee 
+0.5 
V 


VIH2 
Input High Voltage, 
RESET Falling Hysteresis 
2.1 
Vee 
+0.5 
V 


VIH3 
Input High Voltage, 
NMI, XTAL1 
2.2 
Vee 
+0.5 
V 


III 
Input Leakage 
Current 
to each pin of HSI, P3, P4, and to P2.1. 
±10 
/-LA 
Vin=OtoVee 


ILil 
D.C. Input Leakage 
Current to each pin of PO 
+3 
/-LA 
Vin=OtoVce 


IIH 
Input High Current to EA 
100 
/-LA 
VIH = 2.4V 


III 
Input Low Current 
to each pin of P1, 
-125 
/-LA 
Vil 
= 0.45V 
and to P2.6, P2.7. 


lilt 
Input Low Current 
to RESET 
-0.25 
-2 
mA 
Vil 
= 0.45V 


IIL2 
Input Low Current 
P2.2, P2.3, P2.4, READY, 
BUSWIDTH 
-50 
/-LA 
Vil 
= 0.45V 


Val 
Output 
Low Voltage 
on Quasi-Bidirectional 
0.45 
V 
IOl = 0.8 mA 
port pins and P3, P4 when used as ports 
(Note 1) 


Vall 
Output 
Low Voltage 
on Quasi-Bidirectional 
0.75 
V 
IOl = 2.0mA 
port pins and P3, P4 when used as ports 
(Notes 
1, 2, 3) 


VOL2 
Output 
Low Voltage 
on Standard 
Output 
0.45 
V 
IOl 
= 2.0mA 
pins, RESET and Bus/Control 
Pins 
(Notes 
1, 2, 3, 4) 


D.C. CHARACTERISTICS 
(Test Conditions: 
VCC, VREF, VPD. VpP. VEA = 5.0V ± 0.5V; FOSC = 
6.0 MHz; TA = O·C to 70·C; VSS, ANGND 
= OV) (Continued) 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


VOH 
Output High Voltage on Quasi-Bidirectional 
2.4 
V 
IOH= -20,...A 
pins 
'(Note 1) 


VOHI 
Output High Voltage on Standard Output 
2.4 
V 
IOH= -200,...A 
pins and Bus/Control pins 
(Note 1) 


IOH3 
.Output High Current on RESET 
-50 
,...A 
VOH= 2.4V 


Cs 
Pin Capacitance (Any Pin to VSS) 
10 
pF 
fTEST = 1.0 MHz 


NOTES: 
1. Quasi-bidirectional pins include those on P1, for P2.6 and P2.7. Standard Output Pins include TXD. RXD (Mode 0 only), 
PWM, and HSO pins. Bus/Control pins include CLKOUT, ALE, BHE, RD, WA, INST and ADO-15. 
2. Maximum current per pin must be externally limited to the following values if VOL is held above 0.45V. 
IOLon quasi-bidirectional pins and Ports 3 and 4 when used as ports: 4.0 mA 
IOLon standard output pins and RESET: 8.0 mA 
IOLon Bus/Control pins: 2.0 mA 
3.During normal (non-transient) operation the following limits apply: 


TotaiiOL on Port 1 must not exceed 8.0 mA. 
Total IOLon P2.0, P2.6, RESET and all HSO pins must not exceed 15 mA. 
TotalloL on Port 3 must not exceed 10 mA. 
TotalloL on P2.5, P2.7, and Port 4 must not exceed 20 mA. 


4. IOLon HSO.X (X = 0, 4, 5) = 1.6 mA @ 0.5V. 


A.C. CHARACTERISTICS 
VCC. VPD = 4.5 to 5.5V; TA = O·C to 70·C; fOSC = 6.0 to 12.0 MHz 
Test Conditions: 
Load Capacitance 
on Output 
Pins = 80 pF 
. 


Oscillator 
Frequency 
= 10 MHz 


Symbol 
Parameter 
Mln 
Max 
Units 


TCLYX(4) 
READY Hold after CLKOUT 
Edge 
0(1) 
ns 


hLYV 
End of ALE/ ADV to READY Valid 
2Tosc-70 
ns 


hLYH 
End of ALE/ ADV to READY High 
2Tosc+40 
4Tosc-80 
ns 


TYLYH 
Non-Ready 
Time 
1000 
ns 


TAVDV(6) 
Address 
Valid to Input Data Valid 
5Tosc-120 
ns 


TRLDV 
RD Active to Input Data Valid 
3Tosc-100 
ns 


TRHDX 
Data Hold after RD Inactive 
0 
ns 


TRHDZ 
RD Inactive to Input Data Float 
0 
Tosc-25 
ns 


TAVGV(4)(6) 
Address 
Valid to BUSWIDTH 
Valid 
2 Tosc 
-125 
ns 


TLLGX(4) 
BUSWIDTH 
Hold after ALE/ ADV Low 
Tosc 
+40 
ns 


TLLGV(4) 
ALE/ ADV Low to BUSWIDTH 
Valid 
Tosc 
-75 
ns 


NOTES: 
1. If the 48-pin part is being used then this timing can be generated by assuming that the CLKOUT falling edge has occurred 
at 2Tosc+55 
(TLLCH(max) + TCHCL(max)) after the falling edge of ALE. 


4. Pins not bonded out on 48-pin parts. 
6. The term "Address Valid" applies to ADO-15, SHE and INST. 


inter 


Symbol 
Parameter 
Min 
Max 
Units 


FXTAL 
Oscillator 
Frequency 
6.0 
12.0 
MHz 


Tosc 
Oscillator 
Period 
83 
166 
ns 


TOHCH 
XTAL 1 Rising Edge to Clockout 
Rising Edge 
0(4) 
120(4) 
ns 


TCHCH(4) 
CLKOUT 
Period(3) 
3Tosc(3) 
3Tosc(3) 
ns 


TCHCL(4) 
CLKOUT 
High Time 
Tosc-35 
Tosc+ 
10 
ns 


TCLLH(4) 
CLKOUT 
Low to ALE High 
-20 
+25 
ns 


TLLCH(4) 
ALEI ADV Low to CLKOUT 
High 
Tosc-25 
Tosc+45 
ns 


TLHLL 
ALEI ADV High Time 
Tosc-30 
Tosc+35(5) 
ns 


TAVLL(6) 
Address 
Setup to End of ALEI ADV 
Tosc-50 
ns 


TRLAZ(7) 
RD or WR Low to Address 
Float 
Typ. = 0 
10 
ns 


TLLRL 
End of ALEI ADV to RD or WR Active 
Tosc-40 
ns 


TLLAX(7) 
Address 
Hold after End of ALEI ADV 
Tosc-40 
. 


ns 


TWLWH 
WR Pulse Width 
3Tosc-35 
ns 


TQVWH 
Output Data Valid to End of WR/WRL/WRH 
3Tosc-60 
ns 


TWHQX 
Output Data Hold after WR/WRL/WRH 
Tosc-50 
ns 


TWHLH 
End of WR/WRLlWRH 
to ALE IADV High 
Tosc-75 
ns 


TRLRH 
RD Pulse Width 
3Tosc-30 
ns 


TRHLH 
End of RD to ALEI ADV High 
Tosc-45 
ns 


TCLLL(4) 
CLOCKOUT 
Low to ALEI ADV Low 
Tosc-40 
Tosc+35 
ns 


TRHBX(4) 
RD High to INST, SHE, AD8-15 
Inactive 
Tosc-25 
Tosc+30 
ns 


TWHBX(4) 
WR High to INST, SHE, AD8-15 
Inactive 
Tosc-50 
Tosc+ 
100 
ns 


THLHH 
WRL, WRH Low to WRL, WRH High 
2Tosc-35 
2Tosc+40 
ns 


TLLHL 
ALEI ADV Low to WRL, WRH Low 
2Tosc-30 
2Tosc+55 
ns 


TQVHL 
Output Data Valid to WRL, WRH Low 
Tosc-60 
ns 


NOTES: 
2. If more than one wait state is desired, add 3Tosc for each additional wait state. 
3. CLKOUT isdirectly generated as a divide by 3 of the oscillator. The period will be 3Tosc ± 10 ns if Tosc is constant and 
the rise and fall times on XTAL1 are less than 10 ns. 
4. Pins not bonded out on 48-pin parts. 
5. Max spec applies only to ALE. Min spec applies to both ALE and ADV. 
6. The term "Address Valid" applies to ADO-15, BHE and INST. 
7. The term" 
Address" in this definition applies to ADO-7 for 8-bit cycles, and ADO-15 for 16-bit cycles. 


TWLWH 


VALID 


NOTES: 
(1) 8-bit bus only. 
(2) 8-bit or 16-bit bus and write strobe 
mode 
selected. 
(3) When 
ADV selected. 
(4) 8- or 16-bit bus and no write strobe 
mode selected. 


inter 


Symbol 
Parameter 
Mln 
Max 
Units 


TXLXL 
Serial Port Clock Period 
STose 
ns 


TXLXH 
Serial Port Clock Falling Edge to Rising Edge 
4Tose 
- 
50 
4Tose 
+ 50 
ns 


TQVXH 
Output Data Setup to Clock Rising Edge 
3Tose 
ns 


TXHQX 
Output Data Hold After Clock Rising Edge 
2Tose 
- 
50 
ns 


TXHQV 
Next Output Data Valid After Clock Rising Edge 
2Tose 
+50 
ns 


TDVXH 
Input Data Setup to Clock Rising Edge 
2Tose 
+200 
ns 


TXHDX 
Input Data Hold After Clock Rising Edge 
0 
ns 


TXHQZ 
Last Clock Rising to Output Float 
5Tose 
ns 


r- 
TXlXL ---j 
TXO'--U -"U ---U ---U ---U ---U ---U ---U 


TOVXH-j I- 
TXLXH--J I- 
TXHOVI--j 
--J 
r- 
TXHOX 
TXHOZ--J I 


(O~;)~ 
X 
2 
X 
3 
X 
4 
X 
5 
X::::::X 
7 >- 


TOVXH-j I- 
--l 
r-TXHOX 


VAliD 
VALID 


Symbol 
Parameter 
Mln 
Max 
Units 


1/TOLOL 
Oscillator 
Frequency 
6 
12 
MHz 


TOHOX 
High Time 
25 
ns 


TOLOX 
Low Time 
25 
ns 


TOLOH 
Rise Time 
15 
ns 


TOHOL 
Fall Time 
15 
ns 


2.4~ 
2.0> 
TESTPOINTS<2.0>C 


0.45~ 
0.8 
0.8. 
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A.C. Testing inputs are driven at 2.4V for a Logic "1" and 0.45V 
for a Logic "0". Timing measurements are made at 2.0V for a 
Logic "1" and 0.8V for a Logic "0". 


Vpp 
VPD 


48 LEAD 
VIlEr 
DEVICES 
EA 


Vcc 


VLOAO+0.15V 
VOH-0.15V 


V 
LOAO 
TilliNG REFERENCE<=: 


-- 
POINTS 
VLOAO-O.15V 
VOL+O.15V 


270090-51 


For Timing Purposes a Port Pin is no Longer Floating when a 100 
mV change from Load Voltage Occurs, and Begins to Float when 
a 100 mV change from the Loaded VOHIVOL Level occurs lOLl 
IOH:l: ±15 mA. 


Vpp 


VpD 


68 LEAD 
VIlEr 


DEVICES 
EA 
Vcc 


OPERATING 
CONDITIONS 


VCC. VPD, VREF 
.4.5V to 5.5V 


VSS. ANGND 
O.OV 


TA 
..•......•.•...•........••.••..•. 
O°C to 70°C 


FOSC 
6.0 to 12.0 MHz 


Test Conditions: 


VREF 
5.120V 


AID 
Converter 
operation 
is verified 
only 
on 
the 
8097BH, 
8397BH. 
8095BH, 
8395BH. 
8797BH. 
8795BH. 


The absolute 
conversion 
accuracy 
is dependent 
on 
the accuracy 
of VREF. The specifications 
given be- 
low assume 
adherence 
to the Operating 
Conditions 
section 
of these 
data 
sheets. 
Testing 
is done 
at 
VREF = 5.120V. 


Parameter 
Typlcal"(ll 
Minimum 
Maximum 
Units"" 
Notes 


Resolution 
1024 
1024 
Levels 
10 
10 
Bits 


Absolute 
Error 


v 


0 
±4 
LSBs 


Full Scale Error 
, 


-0.5 
±0.5 
LSBs 


Zero Offset Error 
±0.5 
LSBs 


Non-Linearity 
0 
±4 
LSBs 


Differential 
Non-Linearity 
0 
+2 
LSBs 


Channel-to-Channel 
Matching 
0 
±1 
LSBs 


Repeatability 
±0.25 
LSBs 
1 


Temperature 
Coefficients: 
Offset 
.0.009 
LSBrC 
1 
Full Scale 
0.009 
LSBrC 
1 
Differential 
Non-Linearity 
0.009 
LSBrC 
1 


Off Isolation 
-60 
dB 
1,2,4 


Feedthrough 
-60 
dB 
1,2 


VCC Power Supply Rejection 
-60 
dB 
1,2 


Input Resistance 
1K 
5K 
n 
1 


D.C. Input Leakage 
0 
3.0 
,...A 


Sample 
Delay 
3Tosc 
- 
50 
3Tosc 
+ 50 
ns 
1,3 


Sample Time 
- 
12Tosc 
- 
50 
12Tosc 
+ 50 
ns 
1 


Sampling 
Capacitor 
2 
pF 


NOTES: 
• These 
values 
are expected 
for most parts at 2S'C . 
•• An "LSB", 
as used here, is defin~d 
in the glossary 
which 
follows 
and has a value of approximately 
S mY. 
1. These 
values 
are not tested 
in production 
and are based on theoretical 
estimates 
and laboratory 
tests. 


2. DC to 100 KHz. 
3. For starting 
the AID 
with an HSO Command. 
4. Multiplexer 
Break-Before-Make 
Guaranteed. 


inter 


ABSOLUTE 
ERROR-The 
maximum 
difference 
be- 


tween 
corresponding 
actual 
and 
ideal 
code 
tran- 


sitions. Absolute 
Error accounts 
for all deviations 
of 


an actual 
converter 
from an ideal converter. 


ACTUAL 
CHARACTERISTIC-The 
characteristic 


of an actual converter. 
The characteristic 
of a given 


converter 
may vary over 
temperature, 
supply 
volt- 


age, and frequency 
conditions. 
An actual character- 


istic rarely has ideal first and last transition 
locations 


or ideal code widths. 
It may even vary over multiple 


conversions 
under the same conditions. 


BREAK-BEFORE·MAKE- 
The 
property 
of a multi- 


plexer 
which 
guarantees 
that a previously 
selected 


channel 
will be deselected 
before 
a new channel 
is 


selected. 
(e.g. the converter 
will not short inputs to- 


gether.) 


CHANNEL· 
TO-CHANNEL 
MATCHING-The 
differ- 


ence between 
corresponding 
code transitions 
of ac- 


tual characteristics 
taken from different 
channels 
un- 


der the 
same 
temperature, 
voltage 
and frequency 


conditions. 


CHARACTERISTIC-A 
graph 
of input voltage 
ver- 


sus the resultant 
output 
code for an AID 
converter. 


It describes 
the transfer 
function 
of the AID 
convert- 


er. 


CODE-The 
digital value output 
by the converter. 


CODE CENTER-The 
voltage 
corresponding 
to the 


midpoint 
between 
two adjacent 
code transitions. 


CODE 
TRANSITION-The 
point 
at which 
the con- 


verter 
changes 
from an output code of Q, to a code 


of Q + 1. The input voltage corresponding 
to a code 


transition 
is defined 
to 
be 
that 
voltage 
which 
is 


equally 
likely 
to 
produce 
either 
of 
two 
adjacent 


codes. 


CODE 
WIDTH-The 
voltage 
corresponding 
to the 


difference 
between 
two adjacent 
code transitions. 


D.C. INPUT LEAKAGE-Leakage 
current to ground 


from an analog 
input pin. 


DIFFERENTIAL 
NON·LINEARITY- 
The 
difference 


between 
the ideal and actual code widths 
of the ter- 


minal based characteristic. 


FEEDTHROUGH-Attenuation 
of a voltage 
applied 


on the selected 
channel 
of the AID 
Converter 
after 


the sample 
window 
closes. 


FULL SCALE 
ERROR-The 
difference 
between 
the 


expected 
and actual 
input voltage 
corresponding 
to 


the full scale code transition. 


IDEAL 
CHARACTERISTIC-A 
characteristic 
with 


its first 
code 
transition 
at VIN = 
0.5 LSB, 
its last 


code transition 
at VIN = (VREF - 
1.5 LSB) and all 


code widths 
equal to one LSB. 


INPUT 
RESISTANCE-The 
effective 
series 
resist- 


ance from the analog input pin to the sample capaci- 
tor. 


LSB-Least 
Significant 
Bit: 
The 
voltage 
corre- 


sponding 
to the 
full 
scale 
voltage 
divided 
by 2", 


where 
n is the 
number 
of bits of resolution 
of the 


converter. 
For a 10-bit 
converter 
with 
a reference 


voltage 
of 5.12V, one LSB is 5.0 mV. Note that this 


is different 
than digital LSBs, since an uncertainty 
of 


two LSB, when referring 
to an AID 
converter, 
equals 


10 mV. (This has been confused 
with an uncertainty 


of two digital bits, which would mean four counts, 
or 


20 mV.) 


MONOTONIC-The 
property 
of successive 
approxi- 


mation converters 
which guarantees 
that increasing 


input voltages 
produce 
adjacent 
codes of increasing 


value, 
and that 
decreasing 
input 
voltages 
produce 


adjacent 
codes of decreasing 
value. 


NO MISSED 
CODES-For 
each 
and every 
output 


code, 
there 
exists 
a 
unique 
input 
voltage 
range 


which 
produces 
that code only. 


NON·L1NEARITY- 
The maximum 
deviation 
of code 


transitions 
of the terminal-based 
characteristic 
from 


the corresponding 
code transitions 
of the ideal char- 


acteristic. 


inter 


OFF-ISOLATION-Attenuation 
of a voltage applied 


on a deselected channel of the AID converter. (Also 
referred to as Crosstalk.) 


REPEATABILITY-The 
difference between corre- 


sponding code transitions from different actual char- 
acteristics taken from the same converter on the 
same channel at the same temperature, voltage and 
frequency conditions. 


RESOLUTION-The 
number of input voltage levels 


that the converter can unambiguously distinguish 
between. Also defines the number of useful bits of 
information which the converter can return. 


SAMPLE DELAY-The 
delay from receiving the 


start conversion signal to when the sample window 
opens. 


SAMPLE DELAY UNCERTAINTY-The 
variation in 


the sample delay. 


SAMPLE TIME-The 
time that the sample window 


is open. 


SAMPLE TIME UNCERTAINTY-The 
variation in 


the sample time. 


SAMPLE WINDOW-Begins 
when the sample ca- 


pacitor is attached to a selected channel and ends 
when the sample capacitor is disconnected from the 
selected channel. 


SUCCESSIVE APPROXIMATION-An 
AID conver- 


sion method which uses a binary search to arrive at 
the best digital representation of an analog input. 


TEMPERATURE COEFFICIENT5-Change 
in the 


stated variable per degree centigrade temperature 
change. Temperature coefficients are added to the 
typical values of a specification to see the effect of 
temperature drift. 


TERMINAL BASED CHARACTERISTIC-An 
actual 


characteristic which has been rotated and translated 
to remove zero offset and full scale error. 


Vcc REJECTION-Attenuation 
of noise on the Vcc 


line to the AID converter. 


ZERO OFFSET-The 
difference between the ex- 


pected and actual input voltage corresponding to 
the first code transition. 


The 879XBH 
contains 
8K bytes of ultraviolet 
Erasea- 
ble and Electrically 
Programmable 
Read Only Mem- 
ory (EPROM) 
for internal 
storage. 
This memory 
can 
be programmed 
in a variety 
of ways-including 
at 
run-time 
under software 
control. 


The 
EPROM 
is 
mapped 
into 
memory 
locations 
2000H through 
3FFFH if EA is a TIL 
high. However, 
applying + 12. 75V to EA when the chip is reset will 
place 
the 879XBH 
in EPROM 
Programming 
Mode. 
The 
Programming 
Mode 
has been 
implemented 
to 
support 
EPROM 
programming 
and verification. 


When 
an 879XBH 
is in Programming 
Mode, special 
hardware 
functions 
are available 
to the user. These 
functions 
include 
algorithms 
for 
slave, 
gang 
and 
auto EPROM 
programming. 


Programming 
the 879XBH 


Three 
flexible 
EPROM 
programming 
modes 
are 
available 
on the 879XBH-auto, 
slave and run-time. 
These modes can be used to program 
879XBHs 
in a 
gang, stand alone or run-time 
environment. 


The Auto Programming 
Mode enables 
an 879XBH to 
program 
itself, and up to 15 other 879XBHs, 
with the 
8K bytes of code beginning 
at address 
4000H on its 
external 
bus. The Slave 
Mode 
provides 
a standard 
interface 
that enables 
any number of 879XBHs 
to be 
programmed 
by a master device such as an EPROM 
programmer. 
The Run-Time 
Mode allows 
individual 
EPROM 
locations 
to be programmed 
at run-time 
un- 
der complete 
software 
control. 


In the Programming 
Mode, some I/O pins have been 
renamed. 
These 
new pin functions 
are used to de- 
termine 
the programming 
function 
that is performed, 
provide 
programming 
ALEs, 
provide 
slave 
10 num- 


bers 
and 
pass 
error 
information. 
Figure 
19 shows 
how the pins are renamed. 
Figure 20 describes 
each 
new pin function. 


While 
in Programming 
Mode, 
PMODE 
selects 
the 
programming 
function 
that is performed 
(see Figure 
18). When not in the Programming 
Mode, 
Run-Time 
programming 
can be done at any time. 


PMODE 
Programming 
Mode 


0-4 
Reserved 


5 
Slave Programming 


6-0BH 
Reserved 


OCH 
Auto Programming 
Mode 


ODH 
Program Configuration 
Byte 


OEH-OFH 
Reserved 


To guarantee 
proper 
execution, 
the pins of PMODE 
and SID must 
be in their 
desired 
state 
before 
the 
RESET 
pin is allowed 
to rise 
and 
reset 
the 
part. 
Once the part is reset, it is in the selected 
mode and 
should 
not be switched 
to another 
mode without 
a 
new reset sequence. 


When 
EA selects 
the Programming 
Mode, 
the chip 
reset 
sequence 
loads 
the CCR from 
the 
Program- 
ming 
Chip 
Configuration 
Byte 
(PCCB). 
This 
is a 
separate 
EPROM 
location 
that is not mapped 
under 
normal operation. 
PCCR is only important 
when pro- 
gramming 
in the 
Auto 
Programming 
Mode. 
In this 
mode, 
the 879XBH 
that 
is being 
programmed 
gets 
the data to be programmed 
from 
external 
memory 
over the system bus. Therefore, 
PCCR must correct- 
ly correspond 
to the memory system in the program- 
ming setup, which is not necessarily 
the memory 
or· 
ganization 
of the application. 


The following 
sections 
describe 
879XBH 
program- 
ming in each programming 
mode. 


inter 


PROGRA •••• ING 
"ODE SElECT 
PROGRA•••• ING 
VOLTAGE 


Name 
Function 


PMODE 
Programming 
Mode Select. Determines 
the EPROM programming 
algorithm 
that is 


performed. 
PMODE is sampled 
after a chip reset and should be static while the part is 


operating. 


SID 
Slave ID Number. 
Used to assign each slave a pin of Port 3 or 4 to use for passing 


programming 
verification 
acknowledgement. 
For example, 
if gang programming 
in the Slave 


Programming 
Mode, the slave with SID = 0001 will use Port 3.1 to signal correct 
or 


incorrect 
program verification. 


PALE 
Programming 
ALE input. Accepted 
by an 879XBH 
that is in the Slave Programming 
Mode. 


Used to indicate that Ports 3 and 4 contain a command/address. 


PROG 
Programming 
Pulse. Accepted 
by an 879XBH that is in the Slave Programming 
Mode. Used 


to indicate that Ports 3 and 4 contain the data to be programmed. 
A falling edge on PROG 


signifies 
data valid and starts the programming 
cycle. A rising edge on PROG will halt 


programming 
in the slaves. 


PACT 
Programming 
Active. Used in the Auto Programming 
Mode to indicate 
when programming 
activity is complete. 


PVER 
Program Verified. A signal output after a programming 
operation 
by parts in the Slave 


Programming 
Mode and after programming 
in the Auto Configuration 
Byte Programming 


Mode. This signal is on Port 2.0 and is asserted 
as a logic 1 if the bytes program 
correctly. 


PVAL 
Program Valid. These signals indicate the success 
or failure of programming 
in the Auto 


Programming 
Mode and when using this mode for gang programming. 
For the Auto 


Programming 
Mode this signal is asserted 
at Port 3.0. When using this mode for gang 


programming, 
all bits of Port 3 and Port 4 are asserted 
to indicate 
programming 
validity of 


the various slaves. A zero indicates 
successful 
programming. 


PDQ 
Programming 
Duration Overflowed. 
A signal output by parts in the Slave Programming 


Mode. Used to signify that the PROG pulse applied for a programming 
operation 
was longer 


than allowed. 


SALE 
Slave ALE. Output signal from an 879XBH 
in the Auto Programming 
Mode. A falling edge on 


SALE indicates 
that Ports 3 and 4 contain valid address/command 
information 
for slave 


879XBHs 
that may be attached 
to the master. 


SPROG 
Slave Programming 
Pulse. Output from an 879XBH 
in the Auto Programming 
Mode. A 


falling edge on SPROG indicates 
that Ports 3 and 4 contain valid data for programming 
into 


slave 879XBHs 
that may be attached 
to the master. 


PORTS 
Address/Command/Data 
Bus. Used to pass commands, 
addresses 
and data to and from 
3and4 
slave mode 879XBHs. 
Used by chips in the Auto Programming 
Mode to pass command, 


addresses 
and data to slaves. Also used in the Auto Programming 
Mode as a regular 


system bus to access external 
memory. 
Should have pullups to Vcc (15 KO). 


The Auto Programming Mode provides the ability to 
program the internal 879XBH EPROM without hav- 
ing to use a special EPROM programmer. In this 
mode, the 879XBH simply programs itself with the 
data found at external locations 4000H through 
5FFFH. All that is required is that some sort of exter- 
nal memory reside at these locations, that EA se- 
lects the Programming Mode and that Vpp is ap- 
plied. Figure 21 shows a minimum configuration for 
using an 8K x 8 EPROM to program one 879XBH in 
the 
Auto 
Programming 
Mode. 
48-lead 
devices 


(8795BH) must first use the Auto Configuration Byte 
Programming Mode to load the Programming Chip 
Configuration Byte (PCCB) for 8-bit Bus Cycles 
(PCCB = XXXXXX01B) in order to use the basic 
circuit presented in Figure 21 (see Auto Configura- 
tion Byte Programming Mode). 68-lead devices have 
Buswidth available externally to indicate the bus 
mode. 


The 879XBH first reads a word from external memo- 
ry, then the Modified Quick-Pulse Programming™ 
Algorithm (described later) is used to program the 


PO' 
u 


PO.6 
PWOOE = OCti 
po.s 
po.• 


appropriate EPROM location. Since the erased state 
of a byte is OFFH,the Auto Programming Mode will 
skip locations where the data to be programmed is 
OFFH. When all 8K has been programmed, PACT 
(HSO.O)goes high and the part outputs a 0 on PVAL 
(Port 3.0) if it programmed correctly and a 1 if it 
failed. 


Gang Programming 
with the 
Auto Programming 
Mode 


An 879XBH in the Auto Programming Mode can also 
be used as a programmer for up to 
15 other 


879XBHs that are configured in the Slave Program- 
ming Mode. To accomplish this, the 879XBH acting 
as the master outputs the slave command/data 
pairs on Ports 3 and 4 necessary to program slave 
parts with the same data it is programming itself 
with. Slave ALE (SALE) and Slave PROG (SPROG) 
signals are provided by the master to the slaves to 
demultiplex the commands from the data. Figure 22 
is a block diagram of a gang programming system 
using one 879XBH in the Auto Programming Mode. 
The Slave Programming Mode is described in the 
next section. 


NOTE: 
Ports 3 and 4 should 
have pull ups to Vcc 


270090-40 


*48·lead 
devices 
do not have SUSWIDTH 
and NMI bonded 
out, so they require 
programming 
the pees to indicate 
8-bit 
bus mode. 
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SALE 
SPROG 


HSO.O 


Vee 


"u 


PO.6 
Pt.40DE= OCH 
PO.5 
ALE 
PO.4 


8797BH 


RESET 


Nt.4I° 
5.0Voc 
BUSWIOTHO 
P2.2 
ANGNO 
Vcc 
47 Jl>F 
Vssl 
Vss2 
XTAL1 
XTAL2 


The master 879XBH first reads a word from the ex- 
ternal memory controlled by ALE, RD and WR. It 
then drives Ports 3 and 4 with a Data Program com- 
mand using the appropriate address and alerts the 
slaves with a falling edge on SALE. Next, the data to 
be programmed is driven onto Ports 3 and 4 and 
slave programming begins with a falling edge on 
SPRaG. At the same time, the master begins to pro- 
gram its own EPROM location with the data read in. 
Intel's Modified Quick-Pulse Programming™ Algo- 


0.0lp,F 


30 pF 
6t.4Hz 
o 


rithm is used, with Data Verify commands being giv- 
en to the slaves after each programming pulse. 


When programming is complete, PACT goes high 
and Ports 3 and 4 are driven with all 1s if all parts 
programmed correctly. Individual bits of Port 3 and 4 
will be driven to 0 if the slave with that bit number as 
an SID did not program correctly. The 879XBH used 
as the master assigns itself an SID of O. 


~----------- 
.. 
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I 
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t 
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NOTE: 
EA and 
Vpp on slaves 
must 
be at + 12.75 
Voc. 
Each 
slave's 
PM ODE 
must 
equal 
05H. 
Ports 
3 and 
4 should 
have 
pullups 
to Vcc. 
Minimum 
configuration 
connections 
must also be made for slaves. 
A 10 MHz clock 
is recommended 
for 


the slaves. 


°48·lead 
devices 
do not have NMI and SUSWIDTH 
bonded 
out, so they require 
programming 
the pees to indicate 
8-bit 
bus mode to the master. 


Figure 22. Gang Programming 
with the Auto Programming 
Mode 


6-37 
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AUTO 
CONFIGURATION 
BYTE 
PROGRAMMING 
MODE 


The CCB (location 2018H) can be treated just like 
any other EPROM location, and programmed using 
any programming mode. But to provide for simple 
programming of the CCB when no other locations 
need to be programmed, the Auto Configuration 
Byte Programming Mode is provided. Programming 
in this mode also programs PCCB. Figure 22A 
shows a block diagram for using the Auto Configura- 
tion Byte Programming Mode. 


With PMODE = ODHand OFF on Port 4, CCB and 
PCCB will be programmed the value on Port 3 when 
a logic 0 is placed on PALE. After programming is 
complete, PVER will be driven to a 1 if the bytes 
programmed correctly, and a 0 if the programming 
failed. 


This method of programming is the only way to pro- 
gram 
PCCs. 
PCCB is a 
non-memory 
mapped 


EPROM location that gets loaded into CCR during 
the reset sequence when the voltage on EA puts the 
879XBH in Programming Mode. If PCCB is not pro- 
grammed using the Auto Configuration Byte Pro- 
gramming Mode, every time the 879XBH is put into 
Programming Mode the CCR will be loaded with 
OFFH(the value of the erased PCCB location). 


However, if programming of the CCB and PCCB is 
done using this programming mode, the PCCB will 
take on the value programmed into CCB. This 
means that until the part is erased, programming ac- 
tivities that use the system will employ the bus width 
and controls selected by the user's CCB. 


P2.0 


Vcr; 
BINARY 
SWITCH 
..~ 
PO.6 
PMOOE= OOH 
PO.5 
P2.2 
PO.4 
VpD 


RESET 
VREF 


NMI 
5Voc 
ANGND 
Vcr; 
47 JlF 


Vss' 
Vss2 
P2.! 
PALE 
)(TAU 
XTAL2 


~PUSH 
TO 


30pF 
PROGRAM 


Any number of 879XBHs can be programmed by a 
master programmer through the Slave Programming 
Mode. 


The programming device uses Ports 3 and 4 of the 
parts being programmed as a command/data path. 
The slaves accept signals on PALE (Program ALE) 
and PROG (Program Enable) to demultiplex the 
commands and data. The slaves also use PVER, 
PD~ and Ports 3 and 4 to pass error information to 
the programmer. Support for gang programming of 
up to 16 879XBHs is provided. If each part is given a 
unique SID (Slave 10 Number) an 879XBH in the 
Auto Programming Mode can be used as a master to 
program itself and up to 15 other slave 879XBHs. 
There is, however, no 879XBH dependent limit to 
the number of parts that can be gang programmed 
in the slave mode. 


It is important to note that the interface to an 
879XBH in the slave mode is similar to a multiplexed 
bus. Attempting to issue consecutive PALE pulses 
without a corresponding PROG pulse will produce 
unexpected results. Similarly, issuing consecutive 
PROG pulses without the corresponding PALE puls- 
es immediately preceding is equally unpredictable. 


Slave Programming 
Commands 


The commands sent to the slaves are 16-bits wide 
and contain two fields. Bits 14 and 15 specify the 
action that the slaves are to perform. Bits 0 through 
13 specify the address upon which the action is to 
take place. Commands are sent via Ports 3 and 4 
and are available to cause the slaves to program a 
word, verify a word, or dump a word (Table 4). The 
address part of the command sent to the slaves 
ranges from 2000H to 3FFFH and refers to the inter- 
nal EPROM memory space. The following sections 
describe each Slave Programming Mode command. 


P4.7 
P4.6 
Action 


0 
0 
Word Dump 
0 
1 
Data Verify 
1 
0 
Data Program 
1 
1 
Reserved 


DATA 
PROGRAM 
COMMAND-After 
a Data Pro- 
gram Command has been sent to the slaves, PROG 
must be pulled low to cause the data on Ports 3 and 
4 to be programmed into the location specified dur- 
ing the command. The falling edge of PROG is not 
only used to indicate data valid, but also triggers the 
hardware programming of the word specified. The 
slaves will begin programming 48 states after PROG 
falls, and will continue to program the location until 
PROG rises. 


After the rising edge of PROG, the slaves automati- 
cally perform a verification of the address just pro- 
grammed. The result of this verification is then out- 
put on PVER (Program Verify) and PD~ (Program 
Duration Overflowed). Therefore, verification infor- 
mation is available following the Data Program Com- 
mand for programming systems that cannot use the 
Data Verify command. 


If PVER and PD~ of all slaves are 1s after PROG 
rises then the data program was successful every- 
where. If PVER is a 0 in any slave, then the data 
E!:QgI'ammeddid not verify correctly in that part. If 
PD~ is a 0 in any slave, then the programming pulse 
in those parts was terminated by an internal safety 
feature rather than the rising edge of PROG. The 
safety feature prevents over-programming in the 
slave mode. Figure 23 shows the relationship of 
PALE, PROG, PVER and PD~ to the Command/ 
Data Path on Ports 3 and 4 for the Data Program 
Command. 


VALID 
I 


inter 


DATA 
VERIFY 
COMMAND-When 
the Data Verify 
Command is sent, the slaves respond by driving one 
bit of Port 3 or 4 to indicate correct or incorrect verifi- 
cation of the previous Data Program. A 1 indicates 
correct verification, while a 0 indicates incorrect veri- 
fication. The SID (Slave ID Number) of each slave 
determines which bit of the command/data path is 
driven. PROG from the programmer governs when 
the slaves drive the bus. Figure 24 shows the rela- 
tionship of Ports 3 and 4 to PALE and PROG. 


This command is always preceded by a Data Pro- 
gram Command in a programming system with as 
many as 16 slaves. However, a Data Verify Com- 
mand does not have to follow every Data Program 
Command. 


WORD 
DUMP COMMAND 
- 
When the Word Dump 


Command is issued, the 879XBH being programmed 
adds 2000H to the address field of the command 
and places the value found at the new address on 
Ports 3 and 4. For example, sending the command 
#0100H to a slave will result in the slave placing the 
word found at location 2100H on Ports 3 and 4. 
PROG from the programmer governs when the 
slave drives the bus. The signals are the same as 
shown in Figure 24. 


Note that this command will work only when just one 
slave is attached to the bus, and that there is no 
restriction on commands that precede or follow a 
Word Dump Command. 


PALE ~ 
I 


Gang Programming 
with the 
Slave Programming 
Mode 


Gang programming of 879XBHs can be done using 
the Slave Programming Mode. There is no 879XBH 
based limit on the number of chips that may be 
hooked to the same Port 3/Port 4 data path for gang 
programming. 


If more than 16 chips are being gang programmed, 
the PVER and PD~ outputs of each chip could be 
used for verification. The master programmer could 
issue a data program command then either watch 
every chip's error signals, or AND all the signals to- 
gether to get a system PVER and PDO. 


If 16 or fewer 879XBHs are to be gang programmed 
at once, a more flexible form of verification is avail- 
able. By giving each chip being programmed a 
unique SID, the master programmer could then issue 
a data verify command after the data program com- 
mand. When a verify command is seen by the 
slaves, each will drive one pin of Port 3 or 4 with a 1 
if the programming verified correctly or a 0 if pro- 
gramming failed. The SID is used by each slave to 
determine which Port 3, 4 bit it is assigned. An 
879XBH in the auto programming mode could be the 
master programmer if 15 or fewer slaves need to be 
programmed (See Gang Programming with the Auto 
Programming Mode). 


PORTS 3,4 -<DATA VERIFY COMMAND)~----O«VERIFICATION BITS 
}- 
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Run-Time Programming of the 879XBH is provided 
to allow the user complete flexibility in the ways in 
which the internal EPROM is programmed. That flex- 
ibility includes the ability to program just one byte or 
one word instead of the whole EPROM, and extends 
to the hardware necessary to program. The only 
additional requirement of a system is that a pro- 
gramming voltage is applied to Vpp. Run-Time Pro- 
gramming is done with EA at TIL-high 
(normal 


operation - internal/external access). 


To Run-Time program, the user writes a byte or 
word to the location to be programmed. Once this is 
done, the 879XBH will continue to program that lo- 
cation until another data read from or data write to 
the EPROM occurs. The user can therefore control 
the duration of the programming pulse to within a 
few microseconds. An inteligent algorithm should be 
implemented in software. It is recommended that the 
Modified Quick-Pulse Programming™ Algorithm be 
implemented. 


After the programming of a location has started, 
care must be taken to insure that no program fetch- 
es (or pre-fetches) occur from internal memory. 


PROGRAM: 


POP 
POP 
POP 
PUSH 


temp 
address_temp 
data--temp 
temp 


PUSHF 
LDB 


LDB 
ADD 
HSO_COMMAND 
,#SWTO_ovf 
HSO_TlME,TlMERl,#program_pulse 


EI 
ST 
data_temp, 
[address_temp] 
CALL 
20lAH 


POPF 
RET 


swtO_expired: 
POP 
0 
RET 


This is of no concern if the program is executing 
from external memory. However, if the program is 
executing from internal memory when the write oc- 
curs, it will be necessary to use the built in "Jump to 
Self" located at 201AH. 


"Jump to Self" is a two byte instruction in the Intel 
test ROM which can be CALLed after the user has 
started programming a location by writing to it. A 
software timer interrupt could then be used to es- 
cape from the "Jump to Self" when the proper pro- 
gramming pulse duration has elapsed. Figure 26 is 
an example of how to program an EPROM location 
while execution is entirely internal. 


Upon entering the PROGRAM routine, the address 
and data are retrieved from the STACK and a Soft- 
ware Timer is set to expire one programming pulse 
later. The data is then written to the EPROM loca- 
tion and a CALL to location 201AH is made. Loca- 
tion 201AH is in Intel reserved test ROM, and con- 
tains the two byte opcode for a "Jump to Self." The 
minimum interrupt service routine would remove the 
201AH return address from the STACK and return. 


;save current status 
;enable only swt interrupts 


;load swt command to interrupt 
;when program pulse time 
;has elasped 


Protection mechanisms have been provided on the 
ROM and EPROM versions of the 809XBH to inhibit 
unauthorized accesses of internal program memory. 
However, there must always be a way to allow 
authorized 
program 
memory dumps for 
testing 


purposes. 
The 
following 
describes 
839XBH, 
879XBH program lock features and the mode pro- 
vided for authorized memory dumps. 


PROGRAM 
LOCK FEATURES 


Write protection is prOVidedfor EPROM parts, while 
READ protection is provided for both ROM and 
EPROM parts. 


Write protection is enabled by causing the LOCObit 
i~ th~ CCR to take the value O.When WRITE protec- 
tion IS selected, the bus controller will cycle through 
the write sequence, but will not actually drive data to 
the EPROM and will not enable Vpp to the EPROM. 
This protects the entire EPROM 2000H-3FFFH from 
inadvertant or unauthorized programming. 


READ protection is selected by causing the LOC1 
bit in the CCR to take the value O.When READ pro- 
tection is enabled, the bus controller will only per- 
form a data read from the address range 2020H- 
3FFFH if the slave program counter is in the range 
2000H-3FFFH. Note that since the slave PC can be 
many bytes ahead of the CPU program counter, an 
instruction that is located after address 3FFAH may 
not be allowed to access protected memory, even 
through the instruction is itself protected. 


If the bus controller receives a request to perform a 
READ of protected memory, the READ sequence 
occurs with indeterminant data being returned to the 
CPU. 


Other 
enhancements 
were 
also 
made 
to 
the 


8096BH for program protection. For example, the 
value of EA is latched on reset so that the device 
cannot be switched from external to internal execu- 
t~on.mode at run-time. In addition, if READ protec- 
tion IS selected, an NMI event will cause the device 
to switch to external only execution mode. Internal 
execution can only resume by resetting the chip. 


AUTHORIZED 
ACCESS 
OF PROTECTED 


MEMORY 


To provide a method of dumping the internal ROM/ 
EPROM. for testing 
purposes a "Security 
Key" 
mechanism and ROM dump mode have been imple- 
mented. 


The security key is a 128 bit number, located in inter- 
nal memory, that must be matched before a ROM 
dump will occur. The application code contains the 
security key starting at location 2020H. 


The RC?Mdump mode is entered just like any pro- 
gramming mode (EA = 12.75V), except that a spe- 
cial PMODEstrapping is used. The PMODEfor ROM 
dump is 6H (011Ob). 


The ROM dump sequence begins with a security key 
verification. Users must place at external locations 
4020H-402FH 
the same 16 byte key that resides 


inside the chip at locations 2020H-202FH. Before 
doing a ROM dump, the chip checks that the keys 
match. 


After a successful key verification, the chip dumps 
data to external locations 1000H-11FFH and 4000H- 
5FFFH. Unspecified data appears at the low ad- 
dresses. 
Internal 
EPROM/ROM 
is 
dumped 
to 


4000H-5FFFH 
beginning 
with 
internal 
address 


2000H. When the ROM/EPROM dump is complete 
the CPU will enter a JUMP-ON-SELF condition. 


If a security key verification is not successful, the 
chip will put itself into an endless loop of internal 
execution. 


NOTE: 
Substantial 
effort has been expended 
to provide 
an 


excellent 
program 
protection 
scheme. 
However, 
In- 


ti!!1cannot, 
and does not guarantee 
that the protec- 


t/on methods 
that we have devised 
will prevent 
un- 


authorized 
access. 


MODIFIED 
QUICK-PULSE 
PROGRAMMINGTM 
ALGORITHM 


The Modified Quick-Pulse Programming™ Algorithm 
calls for each EPROM location to receive 25 sepa- 
rate 100 p.s (± 5 p.s) programming cycles. Verifica- 
tion of correct programming is done after the 25 
pulses. If the location verifies correctly, the next lo- 
cation is programmed. If the location fails to verify 
the location has failed. 
' 


Once all locations are programmed and verified the 
entire EPROM is again verified. 
' 


Programming of 879XBH parts is done with Vpp = 
12.75V ±0.25V and Vcc = 5.0V ±0.5V. 
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The 879XBH 
contains 
a signature 
word at location 
2070H. 
The 
word 
can 
be 
accessed 
in the 
slave 
mode by executing 
a word dump command. 


Table 5. 8X9XBH 
Signature 
Word 


Device 
Signature 
Word 


879XBH 
896FH 
839XBH 
896EH 
809XBH 
Undefined 


Initially, 
and 
after 
each 
erasure, 
all 
bits 
of 
the 
879XBH 
are in the "1" 
state. 
Data is introduced 
by 
selectively 
programming 
"Os" into the desired 
bit lo- 
cations. 
Although 
only 
"Os" 
will 
be 
programmed, 
both "1s" 
and "Os" can be present 
in the data word. 
The only way to change 
a "0" 
to a "1" 
is by ultravio- 
let light erasure. 


The erasure 
characteristics 
of the 879XBH 
are such 
that erasure 
begins to occur 
upon exposure 
to light 
with wavelengths 
shorter 
than 
approximately 
4000 
Angstroms 
(A). It should 
be noted that sunlight 
and 
certain types of fluorescent 
lamps have wavelengths 
in the 
3000-4000 
A range. 
Constant 
exposure 
to 
room level fluorescent 
lighting 
could erase the typi- 
cal 879XBH 
in approximately 
3 years, while it would 
take 
approximately 
1 week 
to cause 
erasure 
when 
exposed 
to direct 
sunlight. 
If the 879XBH 
is to be 
exposed 
to 
light 
for 
extended 
periods 
of 
time, 
opaque 
labels 
must 
be placed 
over the 
EPROM's 
window 
to prevent 
unintentional 
erasure. 


The 
recommended 
erasure 
procedure 
for 
the 
879XBH 
is exposure 
to shortwave 
ultraviolet 
light 
which 
has a wavelength 
of 2537 A. The integrated 
dose (Le., UV intensity x exposure 
time) for erasure 
should 
be a minimum 
of 15 Wsec/cm2. 
The erasure 
time with this dosage 
is approximately 
15 to 20 min- 
utes using an ultraviolet 
lamp with a 12000 
J-LW / cm2 
power rating. The 879XBH 
should be placed within 1 
inch of the lamp tubes during erasure. The maximum 
integrated 
dose an 879XBH 
can be exposed 
to with- 
out damage 
is 7258 
Wsec/cm2 
(1 week 
@ 12000 
J-LW/cm2). 
Exposure 
of the 879XBH 
to high intensity 
UV light for long periods may cause permanent 
dam- 
age. 


POWER SUPPLY SEQUENCE 
WHILE 
PROGRAMMING 


For any 879XBH 
that is in any programming 
mode, 
high 
voltages 
must 
be applied 
to the 
device. 
To 
avoid damaging 
the parts, the following 
rules must 
not be violated. 


RULE 
# 1- 
Vpp must 
not 
have 
a low 
impedance 
path 
to 
ground 
when 
VCC is 
above 
4.5V. 


RULE 
#2-Vcc 
must 
be above 
4.5V 
before 
Vpp 
can be higher than 5.0V. 


RULE 
#3- 
Vpp must be within 1V of Vcc while Vcc 
is below 4.5V. 


RULE #4-AII 
voltages 
must 
be within 
tolerance 
and the oscillator 
stable 
before 
RESET 
rises. 


RULE 
#5- 
EA must be brought 
high to place 
the 
part in programming 
mode 
before 
Vpp 
is brought 
high. 


To adhere to these rules, the following 
power up and 
power down sequences 
can be followed. 


RESET 
= 
0; 
CLOCK ON; if using an external 
clock 
; instead 
of an oscillator 
Vcc 
= 
Vpp = 
VEA = 
5V; 
PALE= 
PROG 
= 
PORT 34 = VIH;' 
SID AND PMODE VALID; 
EA = 
12.75V; 
Vpp = 
12.75V; 
WAIT; wait for supplies 
and clock to 
; settle 
RESET 
= 
5V; 
WAIT Tshll; See Data Sheet 
BEGIN; 


RESET 
= 0; 
Vpp = 
5V; 


EA = 5V; 
PALE 
= 
PROG 
= 
SID 
= 
PMODE 
= 
PORT34 
= 
OV; 
Vcc 
= 
Vpp = VEA = 
OV; 
CLOCK 
OFF; 


One final note on power up, power down. The maxi- 
mum limit on Vpp must never 
be violated. 
even for 
an instant. Therefore, 
an RC rise to the desired 
Vpp 
is recommended. 
Vpp is also 
sensitive 
to instanta- 
neous 
voltage 
steps. 
This also 
can be avoided 
by 
using an RC ramp on Vpp. 


inter 


Operating 
Conditions: 
Load Capacitance 
= 150 pF. TA = 25°C ±5°C. 
Vcc. VPD. VREF = 5.0V ± 0.5V. VSS. 


AGND = OV. Vpp = 12.75V 
± 0.25V. EA = 11V ± 2.0V, fosc = 6.0 MHz 


Symbol 
Parameter 
Mln 
Max 
Units 


TAVLL 
ADDRESS/COMMAND 
Valid to PALE Low 
0 
Tosc 


TLLAX 
ADDRESS/COMMAND 
Hold After PALE Low 
80 
Tose 


TDVPL 
Output Data Setup Before PROG Low 
0 
Tose 


TpLDX 
Data Hold After PROG Falling 
80 
Tosc 


TLLLH 
PALE Pulse Width 
180 
Tosc 


TpLPH 
PROG Pulse Width 
250 Tosc 
1O°IJoS + 
144 Tosc 


TLHPL 
PALE High to PROG Low 
250 
Tosc 


TpHLL 
PROG High to Next PALE Low 
600 
Tosc 


TpHDX 
Data Hold After PROG High 
30 
Tosc 


TpHW 
PROG High to PVER/PDO 
Valid 
500 
Tosc 


hLVH 
PALE Low to PVER/PDO 
High 
100 
Tosc 


TpLDV 
PROG Low to VERIFICATION/DUMP 
Data Valid 
100 
Tosc 


TSHLL 
RESET High to First PALE Low (not shown) 
2000 
Tosc 


NOTE: 
Run-time programming is done with Fosc = 6.0 MHz to 12.0 MHz, VCC.VPD,VREF = SV ± O.SV,TA = 2SoCto ±soC and 
VPP = 12.7SV ± 0.2SV. For run-time programming over a full operating range, contact the factory. All windowed devices 
should be covered after programming. 


Symbol 
Parameter 
Mln 
I 
Max 
Units 


Ipp 
Vpp Supply Current (Whenever 
Programming) 
I 
100 
mA 


Vpp 
Programming 
Supply Voltage 
12.75 ±0.25 
V 


VEA 
EA Programming 
Voltage 
11 ±2.0 
V 


NOTE: 
VPPmust be within 1V of Vcc while Vcc < 4.SV. VPPmust not have a low impedance path to ground or VSSwhile 
Vcc> 
4.SV. 


inter 


TLLVH--l 
•... 
-I 
I---TpHVV 


VALID I 
\ 
VALID 


VALID I 
\ 
VALID 


Reserved location warning: Intel 
Reserved 
ad- 
dresses 
can not be used by applications 
which 
use 
8X9XBH 
internal 
ROM/EPROM. 
The data read from 
a reserved 
location 
is not guaranteed, 
and a write to 
any reserved 
location 
could cause unpredictable 
re- 
sults. 
When 
attempting 
to program 
Intel 
Reserved 
addresses, 
the data 
must be OFFFFH to ensure 
a 


EXTERNAL 
MEMORY 
OR I/O 


INTERNAL 
PROGRAM 
STORAGE 
ROM/EPROM 
OR 
EXTERNAL 
MEMORY 


RESERVED 


SIGNATURE 
WORD 


RESERVED 


SECURITY 
KEY 


RESERVED 


SELF JUMP CODE (27H FEH) 


RESERVED 


CHIP CONFIGURATION 
BYTE 


RESERVED 


INTERRUPT 
VECTORS 


harmless 
result. A memory 
map indicating 
reserved 
locations 
on the 8X9XBH 
is shown 
in Figure 27. 


Intel Reserved 
locations, 
when 
mapped 
to external 
memory, 
must be filled with OFFFFH to ensure com- 
patibility 
with future 
parts. 


2080H 
2072H-207FH 


2070H-2071 
H 


2030H-206FH 


2020H-202FH 


201CH-201FH 


201AH-201BH 


2019H 


2018H 


2012H-2017H 


inter 


This material is pertinent to all steppings unless oth- 
erwise noted. 


1. INDEXED, 
3 OPERAND 
MULTIPLY 


The displacement portion of an indexed, three oper- 
and (byte or word) multiply may not be in the range 
of 200H thru 17FFH inclusive. If you must use these 
displacements, execute an indexed, two operand 
multiply and a move if necessary. 


2. HIGH SPEED 
INPUTS 


It is possible for the 8X9XBH to have more than 
eight events recorded, but not all of them will .be 
valid. Any routine which allows the FIFO and Holding 
Register to fill beyond the sixth entry FIFO FULL 
interrupt point may experience lost events and/or 
trashed events that are otherwise unexplainable. 
The conditions are as follows: 


If an eighth event is loaded into the seventh FIFO 
slot and the software does not unload the entire 
FIFO the ninth event will be loaded into that eighth 
slot v:,itha time tag that has no event status associ- 
ated with it. Further events mayor 
may not have 


event status bits set or you may lose events, de- 
pending on the level of the FIFO activity. The FI~O, 
under these conditions, must be completely emptied 
in order to return to normal functionality. What hap- 
pens is that the event flip-flops are cleared just be- 
fore the eighth slot is loaded. 


Efficient interrupt routines which promptly utilize the 
sixth entry loaded (FIFO Full) interrupt vector to un- 
load the FIFO, will never experience this condition 
because the entries in the FIFO are never more than 
six deep. In addition, polling procedures in a time 
domain which read out FIFO entries before the 


eighth event occurs will also not experience this 
condition. Both approaches are at risk if the pro- 
gram, for whatever reason, allows the seventh slot 
to be loaded, and does not clear out the FIFO before 
the ninth event occurs. 


It is imperative that both interrupt routines and poll- 
ing procedures which allow the seventh slot to be 
loaded with an eighth event read out ALL FIFO en- 
tries before a ninth event occurs. 


3. JBS AND JBC ON PORT 0 


The JBS and JBC instructions should not be used 
directly on any bit/pin of Port 0 when u~ed ~s digital 
input. If it is necessary to test these bit/pins, then 
first LDB the Port 0 data into a temporary register 
and test the bit/pin there. 


The designer must use either a latch on the ~pper 
and lower address lines, or a latched EPROM In de- 
signs which will reset into an 8-bit memory system. 
The 48-pin devices (8095BH) did not bondout the 
BUSWIDTH pin in order to accommodate the pack- 
age pin constraints of the DIP. As a result, the inter- 
nal pullup on the BUSWIDTH input cir?uit pUlls.t.hiS 
input high inside these packages. A high condition 
on this input equates to a 16-bit bus mode external- 
ly, and during the CHIP CONFIGURATION. By!E 
fetch cycle, a logic design error in the port CirCUitry 
changes the CCB address about 25 ns after READ 
goes to a low condition. This invalidates the upper 
address byte on AD8-15. If there is no latch present 
on the upper address lines (and in an 8-bit only sys- 
tem, there typically would not be a latch), there is no 
guarantee that the correct data will be fetched for 
the Chip Configuration Register. Therefore, the CPU 
may never be able to realize that it is in an 8-bit 
system, unless a latch is on both Port 3 and Port 4. 


UAIA 
~M~~I 
H~VI~IUN 
H~VIt;W 


The 
following 
represents 
the 
key 
differences 
be- 


tween this and the -003 version 
of the 8X9XBH 
Data 
Sheet. 
Please review this summary 
carefully. 


1. The bus control 
figures 
and bus timing diagrams 
were 
modified 
to more accurately 
describe 
their 
operation. 
In particular 
the 8-bit bus modes 
now 


reflect 
the use of Write Strobe 
Mode. 


2. Additional 
text was added 
to the Analog/Digital 


description 
of the conversion 
process to clarify its 


operation 
and usefulness. 


3. Text was added 
to the interrupt 
description 
sec- 


tion to indicate 
the maximum 
transition 
speed 
of 


the input signal relative to the CPU's state timing. 
A figure was included 
to graphically 
demonstrate 


the interrupt 
response 
timing. 


4. The 
pin descriptions 
were 
modified 
to 
indicate 


that Vpp must normally 
float in the application. 


5. The input low voltage 
specification 
(VIL1) was de- 


leted and is covered 
by the VIL specification. 


6. A suggested 
minimum 
configuration 
circuit 
was 


added to the material. 


f. 
I I "::I ,.., U vonvener 
;:,peCITICatlOnsTor UITTeren- 


tial 
Non-Linearity 
has been 
corrected 
to be a 


maximum 
of + 2 LSB's. 


8. The 'EPROM 
programming 
section 
figures 
were 


corrected 
to indicate 
the correct 
interface 
to a 


2764A-2. 
A reset circuit was added to these fig- 


ures and the signal PVAL (Port 3.X and Port 4.X) 
is now identified 
as the valid signal for program 


verification 
in the Auto Programming 
Mode. Text 


was added 
to this section 
to reference 
the reo 


quirement 
of using the Auto Configuration 
Byte 


Programming 
Mode for 48-lead 
devices. 
Figure 


22A was edited 
for corrections 
to the text, and 


now indicates 
PVER (Port 2.0). The EPROM cir- 


cuits were corrected 
to show 
6 MHz operation 


for 
programming 
devices 
from 
internal 
micro- 


code. 


9. The protected 
memory 
section 
was edited to in- 


dicate 
that 
the 
CPU 
will 
enter 
a "JUMP 
ON 


SELF" 
condition 
when 
ROM/EPROM 
dump 


mode is complete. 


10. An 8X9XBH 
ERRATA 
section 
was added. 


11. This REVISION 
REVIEW was added. 


MCS®-96 
809X-90, 839X-90 


• 
839X: an 809X with 8 Kbytes 
of On- 
Chip ROM 


• 
High Speed 
Pulse 110 


• 
10-Blt AID 
Converter 


• 
6.25 IJ-s16 x 16 Multiply 


• 
6.25 IJ-s32/16 
Divide 


• 
8 Interrupt 
Sources 


• 
Pulse-Width 
Modulated 
Output 


• 
232 Byte Register 
File 


• 
Memory-to-Memory 
Architecture 


• 
Full Duplex Serial Port 


• 
Five 8-Blt 110 Ports 


• 
Watchdog 
Timer 


• 
Four 16-Bit Software 
Timers 


The MCS~-96 family of 16-bit microcontrollers consists of many members, all of which are designed for high- 
speed control functions. Members with the •.- 90" suffix are described in this data sheet. 


The CPU supports bit, byte, and word operations. 32-bit double-words are supported for a subset of the 
instruction set. With a 12 MHz input frequency the 8096 can do a 16-bit addition in 1.0 ,""S and a 16 x 16-bit 
multiply or 32/16-bit divide in 6.25 ,""S. Instruction execution times average 1 to 2 ,""S in typical applications. 


Four high-speed trigger inputs are provided to record the times at which external events occur. Six high-speed 
pulse generator outputs are provided to trigger external events at present times. The high-speed output unit 
can simultaneously perform timer functions. Up to four such 16-bit Software Timers can be in operation at 
once. 


An on-chip AID 
Converter converts up to 4 (in the 48-pin version) or 8 (in the 68-pin version) analog input 
channels to 10-bit digital values. This feature is only available on the 8095-90/8395-90 and 8097-90/8397-90. 


POWER 
FREQUENCY 
VREF 
AIlOND 
DOWN 
REFERENCE 
r - - -- 
-- 
-- 
-- 
---~ 
:.:.-~--- 
- :"~.-- 


GEN 
ON-CHIP 


ROM 
(8396) 


PULSE 
WIDTH 
MOD. 


BAUD 
RATE 
GEN. 
HIGH 
SPEED 
10 


PORT 3 


} 


ADDR 
DATA 
BUS 


PORT 4 


RXD/P2.1 
1 
48 
RESET 
TXD/P2.0 
2 
47 
EXT/NT P2.2 


HSIO 
3 
46 
VPD 
HSII 
4 
45 
VREF 
HSI2IHS04 
5 
44 
ANGND 
HSI3IHS05 
6 
43 
ACH4/PO.4 
HSOU 
7 
42 
ACH5IPO.5 
HSOI 
8 
41 
ACH7/PO.7 
HS02 
9 
40 
ACH6/P0.6 
HS03 
10 
39 
fA 
VSS 
11 
38 
VCC 
VBB 
12 
37 
VSS 
PWMIP2.5 
13 
36 
XTALI 
~ 
14 
35 
XTAL2 
BHE 
15 
34 
ALE 
READY 
16 
33 
iffi 
ADls.'P4.7 
17 
32 
ADO/P3.0 
ADUlP4.6 
18 
31 
A01/P3.1 


ADI31P4.5 
19 
30 
A02lP3.2 
ADI2"'4.4 
20 
29 
A031P3.3 
ADll/P4.3 
21 
28 
A04"'3.4 


A01~P4.2 
22 
27 
AD5{P3.5 
AD9/P4.1 
23 
26 
A06/P3.6 
AOe/P4.0 
24 
25 
• A07/P3.7 


270014-2 


Figure 1 shows a block diagram of the MCS-96 
parts, generally referred to as the 8096. The 8096 is 
available in 48-pin and 68-pin packages, with and 
without AID, 
and with and without on-chip ROM. 


The MCS-96 numbering system is shown below: 


Options 
58-Pin 
48-Pln 


Digital 
ROMLESS 
8096-90 
I/O 
ROM 
8396-90 
Analog 
ROMLESS 
8097-90 
8095-90 


and 
Digital 
ROM 
8397-90 
8395-90 
I/O 


Figures 2, 3 and 4 show the pinouts for the 48- and 
68-pin packages. The 48-pin version is offered in a 
Dual-In-Line package 
while 
the 
68-pin 
version 


comes in a Plastic Leaded Chip Carrier and a Pin 
Grid Array. 


9 
8 
18817618564636261 
ACH5IPO.5 
10 
10 
AOO1P3.0 
ACH4iPO.4 
11 
51 
A011P3.1 
ANGND 
12 
58 
AD2IP3.2 
VREF 
13 
MCSOO-96 
57 
A03lP3.3 
VPD 
14 
58 
AD4/P3.4 
EllTINTIP2.2 
15 
68-PIN 
55 
A051P3.5 
RESET 
11 
PLCC 
54 
ADelP3.1 
RXDIP2.1 
17 
53 
AD71P3.7 
TXDIP2.0 
18 
52 
AD81P4.0 
Pl.0 
11 
TOP VIEW 
51 
AD9/P4.1 
Pl.l 
20 
50 
A010/P4.2 
Pl.2 
21 
Looking Down on 
49 
A0111P4.3 
Pl.3 
22 
Component Side 
41 
AD121P4.4 
Pl.4 
23 
of PC Board 
47 
AD131P4.5 
HSIO 
24 
41 
AD141P4.1 
HSI1 
25 
45 
AOl51P4.7 
HSI2IHS04 
21 
44 
T2CLKlP2.3 
V2l2l~~32~~~.~.H~~UU 
i§-~·~·ft"0·~~ri·> 
liliii~lillil~~~I~%~~ 
~%% 
%% 
;;; 


iii 
= a: 
% 
~ 
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Figure 
3. 68-Pin 
PLCC Package 


Pins Facing 
Down 


17 
15 
13 
11 
9 
7 
5 
3 
1"- 


18 
19 
16 
14 
12 
10 
8 
6 
4 
2 
68 


20 
21 
67 
66 


22 
23 
MCS(8)·96 
65 
64 


24 
25 
68-PIN 
63 
62 
GRID ARRAY 
26 
27 
61 
60 


28 
29 
TOP VIEW 
59 
58 
Looking Down on 
30 
31 
Component Side 
57 
56 


32 
33 
of PC Board. 
55 
54 


34 
36 
38 
40 
42 
44 
46 
48 
50 
53 
52 
35 
37 
39 
41 
43 
45 
4f 
49 
51 
270014-4 


Figure 
4. Pin Grid Array 


PGA 
PLCC 
Description 
PGA 
PLCC 
Description 
PGA 
PLCC 
Description 


1 
9 
ACH7/PO.7 
24 
54 
AD6/P3.6 
47 
31 
P1.6 
2 
8 
ACH6/PO.6 
25 
53 
AD7/P3.7 
48 
30 
P1.5 
3 
7 
ACH2/PO.2 
26 
52 
AD8/P4.0 
49 
29 
HSO.1 
4 
6 
ACHO/PO.O 
27 
51 
AD9/P4.1 
50 
28 
HSO.O 
5 
5 
ACH1/PO.1 
28 
50 
AD10/P4.2 
51 
27 
HSO.5/HSI.3 


6 
4 
ACH3/PO.3 
29 
49 
AD11/P4.3 
52 
26 
HSO.4/HSI.2 


7 
3 
NMI 
30 
48 
AD12/P4.4 
53 
25 
HSI.1 
8 
2 
EA 
31 
47 
AD13/P4.5 
54 
24 
HSI.O 
9 
1 
VCC 
32 
46 
AD14/P4.6 
55 
23 
P1.4 
10 
68 
VSS 
33 
45 
AD15/P4.7 
56 
22 
P1.3 


11 
67 
XTAL1 
34 
44 
T2CLK/P2.3 
57 
21 
P1.2 


12 
66 
XTAL2 
35 
43 
READY 
58 
20 
P1.1 


13 
65 
CLKOUT 
36 
42 
T2RST/P2.4 
59 
19 
P1.0 


14 
64 
'i'ES'i' 
37 
41 
SHE 
60 
18 
TXD/P2.0 
15 
63 
INST 
38 
40 
WFi 
61 
17 
RXD/P2.1 
16 
62 
ALE 
39 
39 
PWM/P2.5 
62 
16 
~ 


17 
61 
Jm 
40 
38 
P2.7 
63 
15 
EXTINT/P2.2 


18 
60 
ADO/P3.0 
41 
37 
VSS 
64 
14 
VPD 


19 
59 
AD1/P3.1 
42 
36 
VSS 
65 
13 
VREF 
20 
58 
AD2/P3.2 
43 
35 
HSO.3 
66 
12 
ANGND 
21 
57 
AD3/P3.3 
44 
34 
HSO.2 
67 
11 
ACH4/PO.4 


22 
56 
AD4/P3.4 
45 
33 
P2.6 
68 
10 
ACH5/PO.5 


23 
55 
AD5/P3.5 
46 
32 
P1.7 


The following section is an overview of the 8096, the 
generic part number used to refer to the entire 
MCS-96 product family. Additional information is 
available in the Microcontroller Handbook, order 
number 210918-004. 


The 8096 has 64 Kbyte addressability and uses the 
same address, space for both program and data 
memory, except in the address range from OOH 
through OFFH.Data fetches in this range are always 
to the Register File, while instruction fetches from 
these locations are directed to eX1ernal memory. 
(Locations OOHthrough OFFH in eX1ernalmemory 
are reserved for Intel development systems.) 


Within the Register File, locations OOHthrough 17H 
are register mapped I/O control registers, also re- 


••.•••.•.•. 
_ 
•.••••..•.•.•• 
_,... 
•••••...•••..•.•• 
~ 
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::1 ••••• " ••.•••••• 
,_. 
I 'vJ' 
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rest of the Register File (018H through OFFH) con- 
tains 232 bytes of RAM, which can be referenced as 
bytes, words, or double-words. This register space 
allows the user to keep the most frequently-used 
variables in on-chip RAM, which can be accessed 
faster 
than 
eX1ernal memory. 
Locations 
OFOH 
through OFFHcan be preserved during power down 
if power is applied to the VPD pin. 


Outside of the register file, program memory, data 
memory, and peripherals can be intermixed. The ad- 
dresses with special significance are: 


0000H-Q017H 
0018H-Q019H 
1FFEH-1 FFFH 
2000H-2011 H 
2012H-207FH 
2080H 


Register-mapped I/O (SFRs) 
Stack Pointer 
Ports 3 and 4 
Interrupt Vectors 
Factory Test Code 
Reset Location 


0". 
255 


POWER-DOWN 
R'" 
OfOH 
240 
OU" 
239 


INTERNAL 
REGISTER 
FILE 
".1 


tRAM' 


Tn 


'OH 
STACK POINTER 
STACK POINTER 
,. 


'0. 
24 


11. 
PW'LCONTAOl 
2J 
---- 


II. 
105' 
10(:' 
22 
... 
IOSO 
lOCO 
" 
,.. 
20 


13M 
RESERVED 
RESERVED 
'. 
12. 
10 


11. 
SP 
STAT 
$P_COH 


'0. 
IOPORT 
2 
10 PORT 2 
" 
Of. 
to POAT 1 
10 POAT 1 
" 


OE. 
10 PORT 0 
eo4UD 
RAn 
" 
OOM 
"MEA21"') 
l] 


OC. 
TlMEA2 (lO, 
RESERVED 


" 


OB. 
TIMERl 
(HI) 


0'. 
TIMEi'll (LO, 
WATCHDOG 
'0 


09H 
INT_PENDING 
INT _ PEHDIf'rfG 


OIH 
INT_IlI.SI1t 
tNT_ 
••••• SK 


O'H 
58UF lAX' 
SBUf 
ITl) 
256 


OIH 
MSI_STATUS 
'55 
HSO 
CO ••••.•. ND 


O'H 
MSI 
TIME (HII 
HSO 
TIME lH11 


O'H 
MS'_TlME 
11..0) 
HSO 
TIME {LO, 


OJ. 
AD_RESULT 
(~ 
liSl 
MODE 


02H 
AD_RESULT 
(LO) 
.•.O.CO ••••••.NO 


O'H 
RO (HI) 
1'10 (HI I 


OOH 
ROllO) 
AO IlDI 
00 


IWHEN 
READI 
(WHEN 
WRITTENI 


EXTEANAl 
M(MOAY 
OR 
10 


INTERHAL 
PROGRAM 
STORAGE 
ROM 


FACTORY 
TEST CODE 


0 


INTERRUPT 
1 


VECTORS 
0 


PORT .• 


PORT 3 


EXTERNAL 
MEMORY 
OR 
10 


INTERNAL 
RAM 
REGISTER 
FILE 
STACK POINTER 
SPECIAL 
FUNCTION 
REGISTERS 


(WHEN ACCESSED 
AS 
['lATA MEMORV) 


The 839x carries 8 Kbytes of on-chip ROM, occupy- 
ing addresses 2000H through 3FFFH. Instruction or 
data fetches from these addresses access the on- 
chip ROM if the EA pin is externally held at a 
logical 1. If the EA pin is at a logical 0 these address- 
es access off-chip memory. 


A memory map for the MCS-96 product family is 
shown in Figure 5. 


The RALU (Register/ ALU) section consists of a 17- 
bit ALU, the Program Status Word, the Program 
Counter, and several temporary registers. A key fea- 
ture of the 8096 is that it does not use an accumula- 
tor. Rather, it operates directly on any register in the 
Register File. Being able to operate directly on data 
in the Register File without having to move it into 
and out of an accumulator results in a significant 
improvement in execution speed. 


In addition to the normal arithmetic and logical func- 
tions, the MCS-96 instruction set provides the fol- 
lowing special features: 


6.25 JLsMultiply and Divide 
Multiple Shift Instructions 


3 Operand Instructions 
Normalize Instruction 
Software Reset Instruction 


All operations on the 8096 take place in a set num- 
ber of "State Times." The 8096 uses a three-phase 


L Hl TO LO 
I 
"'r LO TO HI 


-n..nn.n.n.. 


EVEIIY EIGHTIf POSITlVE 
TIWIIlTlON 


internal clock, so each state time is 3 oscillator peri- 
ods. With a 12 MHz clock, each state time requires 
0.25 microseconds. 


High Speed I/O Unit (HSIO) 


The HSIO unit consists of the High Speed Input Unit 
(HSI), the High Speed Output Unit (HSO), one coun- 
ter and one timer. "High Speed" denotes that the 
units can perform functions related to the timers 
without CPU intervention. The HSI records times 
when events occur and the HSO triggers events at 
preprogrammed times. 


All actions within the HSIO unit are synchronized to 
the timers. The two 16-bit timer/counter registers in 
the HSIO unit are cleared on chip reset and can be 
programmed to generate an interrupt on overflow. 
The Timer 1 register is automatically incremented 
every 8 state times (every 2.0 microseconds, with a 
12 MHz clock). The Timer 2 register can be pro- 
grammed to count transitions on either the T2CLK 
pin or HSI.1 pin. It is incremented on both positive 
and negative edges of the selected input line. In ad- 
dition to being cleared by reset, Timer 2 can also be 
cleared in software or by signals from input pins 
T2RST or HS1.0. Neither of these timers is required 
for the watchdog timer or the serial port. 


The High Speed Input (HSI) unit can detect tran- 
sitions on any of its 4 input lines. When one occurs it 
records the time (from Timer 1) and which input lines 
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made the transition. This information is recorded 
with 2 microsecond resolution and stored in an 8· 
level FIFO. The unit can be programmed to look for 
four types of events, as shown in Figure 6. It can 
activate the HSI Data Available interrupt either when 
the Holding Registers is loaded or the 6th FIFO en- 
try has been made. Each input line can be individual" 
ly enabled or disabled to the HSI unit by software. 


The High Speed Output (HSO) unit is shown in Fig· 
ure 7. It can be programmed to set or clear any of its 
6 output lines, reset Timer 2, trigger an AID conver· 
sion, or set one of 4 Software Timers flags at a pro· 
grammed time. An interrupt can be enabled for any 
of these events. Either Timer 1 or Timer 2 can be 
referenced for the programmed time value and up to 
8 commands for preset actions can be stored in the 
CAM (Content Addressable Memory) file at anyone 
time. As each action is carried out at its preset time 
that command is removed from the CAM making 
space for another command. HSOA and HSO.5 are 
shared with the HSI unit as HSI.2 and HSI.3, and can 
be individually enabled or disabled as outputs. 


Standard 
110 Ports 


There are 5 8·bit I/O ports on the 8096 in addition to 
the High Speed I/O lines. 


Port 0 is an input-only port which shares its pins with 
the analog inputs to the AID 
Converter. The port 


can be read digitally and/or, by writing to the AID 
Command Register, one of the lines can be selected 
as the input to the AID Converter. 


Port 1 is a quasi·bidirectional I/O 
port. "Quasi- 
bidirectional" means the port pin has a weak internal 
pullup that is always active and an internal pulldown 
which can either be on (to output a 0) or off (to out· 
put a 1). This configuration allows the pin to be used 
as either an input or an output without using a data 
direction register. In parallel with the weak internal 
pullup, is a much stronger internal pullup that is actio 
vated for one state time when the pin is internally 
driven from 0 to 1. This is done to speed up the O·to· 
1 transition time. 


Port 2 is multi·functional port. Two of the pins are 
quasi·bidirectional 
while 
the 
remaining 
six 
are 
shared with other functions in the 8096, as shown 
below: 


Port 
Function 
Alternate 
Function 
P2.0 
output 
TXD (serial port transmit) 
P2.1 
input 
RXD (serial port receive) 
P2.2 
input 
EXTINT (external interrupt) 
P2.3 
input 
T2CLK (Timer 2 clock) 
P2.4 
input 
T2RST (Timer 2 reset) 
P2.5 
output 
PWM (pulse·width modulation) 


inter 


Ports 3 and 4 are bi-directional I/O ports with open 
drain outputs. These pins are also used as the multi- 
plexed address/data bus when accessing external 
memory, in which case they have strong internal 
pullups. The internal pullups are only used during 
external memory read or write cycles when the pins 
are outputting address or data bits. At any other 
time, the internal pullups are disabled. 


The serial port is compatible with the MCS@-51fami- 
ly (8051, 8031 etc.) serial port. It is full duplex, and 
receive-buffered. There are 3 asynchronous modes 
and 1 synchronous mode of operation for the serial 
port. The asynchronous modes allow for 8 or 9 bits 
of data with even parity optionally inserted for one of 
the data bits. Selective interrupts based on the 9th 
data bit are available to support interprocessor com- 
munication. 


Baud rates in all modes are determined by an inde- 
pendent 16-bit on-chip baud rate generator. Either 
the XTAL 1 pin or the T2CLK pin can be used as the 
input to the baud rate generator. The maximum baud 
rate in the asynchronous mode is 187.5 KBaud. 


The PWM output shares a pin with port bit P2.5. 
When the PWM output is selected, this pin outputs a 
pulse train having a fixed period of 256 state times, 
and a programmable width of 0 to 255 state times. 
The width is programmed by loading the desired val- 
ue, in state times, to the PWM Control Register. 


The analog-to-digital converter is a 10-bit, succes- 
sive approximation converter. It has a fixed conver- 
sion time of 168 state times, (42 microseconds with 
a 12 MHz clock). The analog input must be in the 
range of 0 to VREF (normally, VREF = 5V). This 
input can be selected from 8 analog input lines, 
which connect to the same pins as Port O.A conver- 
sion can be initiated either by setting a control bit in 
the AID 
Command register, or by programming the 
HSO unit to trigger the conversion at some specified 
time. 


The 8096 has 20 interrupt sources which vector 
through 8 locations. A 0-to-1 transition from any of 
the sources sets a corresponding bit in the Interrupt 


Pending register. The content of the Interrupt Mask 
register determines if a pending interrupt will be 
serviced or not. if it is to be serviced, the CPU 
pushes the current program counter onto the stack 
and reloads it with the vector corresponding to the 
desired interrupt. The interrupt vectors are located in 
addresses 2000H through 2011H, as shown in Fig- 
ure 8. 


Vector 
Location 


Source 
(High 
(Low 
Priority 
Byte) 
Byte) 
Software 
2011H 
2010H 
Not Applicable 
Extint 
200FH 
200EH 
7 (Highest) 
Serial Port 
200DH 
200CH 
6 
Software 
200BH 
200AH 
5 
Timers 
HSI.O· 
2009H 
2008H 
4 
High Speed 
2007H 
2006H 
3 
Outputs 
HSI Data 
2005H 
2004H 
2 
Available 
AID Conversion 2003H 
2002H 
1 
Complete 
Timer Overflow 
2001H 
2000H 
o (Lowest) 


At the end of the terminal routine the RET instruction 
pops the program counter from the stack and execu- 
tion continues where it left off. It is not necessary to 
store and replace registers during interrupt routines 
as each routine can be set up to use a different sec- 
tion of the register file. This feature of the architec- 
ture provides for very fast context switching. 


While the 8096 has a single priority level in the 
sense that any interrupt may be itself be interrupted, 
a priority structure exists for resolving simultaneous- 
ly pending interrupts, as indicated in Figure 8. Since 
the interrupt pending and interrupt mask registers 
can be manipulated in software, it is possible to dy- 
namically alter the interrupt priorities to suit the us- 
ers' software. 


The watchdog timer is a 16-bit counter which, once 
started, is incremented every state time. After 16 
milliseconds, if not cleared, it will overflow, pulling 
down the RESET pin for two state times, causing the 
system to be reinitialized. This feature is provided as 
a means of graceful recovery from a software upset. 
The counter must be cleared by the software before 
it overflows, or else the system assumes an upset 
has occurred and activates RESET. 


inter 


RAM standby supply voltage (5V). This voltage must 
be present during normal operation. In a Power 
Down condition (Le.,VCC drops to zero), if RESET is 
activated before VCC drops below spec and VPD 
continues to be held within spec, the top 16 bytes in 
the Register File will retain their contents. RESET 
must be held low during the Power Down and should 
not be brought high until VCC is within spec and the 
oscillator has stablized. 


Reference voltage for the A/D converter (5V). VREF 
is also the supply voltage to the analog portion of 
the AID converter and the logic used to read Port 0 
as digital input. 


Reference ground for the AID converter. Should be 
held at nominally the same potential as VSS. 


Substrate voltage from the on-chip back·bias gener- 
ator. This pin should be connected to ANGND 
through a 0.01 ,...fcapacitor (and not connected to 
anything else). 


Input of the oscillator inverter and of the internal 
clock generator. 


Output of the internal clock generator. The frequen- 
cy of CLKOUT is % the oscillator frequency. It has a 
33% duty cycle. 


Reset input to the chip. Input low for at least 2 state 
times to reset the chip. The subsequent low-to-high 
transition re-synchronizes CLKOUT and commenc- 
es a 10-state-time sequence in which the PSW is 
cleared and a jump to address 2080H is executed. 
Input high for normal operation. RESET has an inter- 
nal pullup. 


Input low enables a factory test mode. The user 
should tie this pin to VCC for normal operation. 


A positive transition clears the watchdog timer, and 
causes a vector to external memory location OOOOH. 
External memory from OOH through OFFH is reo 
served for Intel development systems. 


Output high during an external memory read indi- 
cates the read is an instruction fetch. INST needs to 
be latched on the falling edge of ALE. 


Input for memory select (External Access). EA = 1 
causes 
memory 
accesses 
to 
locations 
2000H 
through 3FFFH to be directed to on-chip ROM. EA 
= 0 causes accesses to these locations to be di- 
rected to off·chip memory. EA has an internal pull- 
down, so it goes to 0 unless driven to 1. EA is not 
latched internally during RESET. 


Address Latch Enable output. ALE is activated only 
during external memory accesses. It is used to latch 
the address from the multiplexed address/data bus, 
and Is placed in a low condition during reset. 


Read signal output to external memory. RD is acti- 
vated only during external memory reads. 


Write signal output to external memory. WR is acti- 
vated only during external memory writes. 


Sus High Enable signal output to external memory. 
SHE = 0 selects the bank of memory that is con- 
nected to the high byte of the data bus. AO = 0 
selects the bank of memory that is connected to the 
low byte of the data bust. Thus accesses to a 16-bit 
wide memory can be to the low byte only (AO = 0, 
SHE = 1), to the high byte only (AO = 1, SHE = 0), 
or to both bytes (AO = 0, SHE = 0). SHE is activat- 
ed only when required during accesses to external 
memory. SHE can be ignored during read opera- 
tions. This pin must be latched on the falling edge of 
ALE. 


The READY input is used to lengthen external mem- 
ory bus cycles, for interfacing to slow or dynamic 
memory, or for bus sharing. If the pin is high CPU 
operation continues in a normal manner. If the pin is 
low prior to the first rising edge of CLKOUT after 
ALE, the Memory Controller goes into a wait mode 
until the next negative transition in CLKOUT after 
ALE occurs with READY high. The bus cycle can be 
lengthened by up to 1 ,""S. When the external memo- 
ry bus is not being used, READY has no effect. 
READY has a weak internal pullup, so it goes to 1 
unless externally pulled low. 


Inputs to High Speed Input Unit. Four HSI pins are 
available: HSI.O, HSI.1, HSI.2, and HSI.3. Two of 
them (HSI.2 and HSI.3) are shared with the HSO 
Unit. 


Outputs from High Speed Output Unit. Six HSO pins 
are available: HSO.O,HSO.1, HSO.2, HSO.3, HSO.4, 
and HSO.5. Two of them (HSO.4 and HSO.5) are 
shared with the HSI Unit. 


8-bit high impedance input-only port. These pins can 
be used as digital inputs and/or as analog inputs to 
the on-chip AID converter. 


8-bit multi-functional port. Six of its pins are shared 
with other functions in the 8096, the remaining 2 are 
quasi-bidirectional. 


8-bit bi-directional I/O ports with open drain outputs. 
These pins are shared with the multiplexed address/ 
data bus which has strong internal pullups. 


The 8096 instruction set makes use of six address- 
ing modes as described below: 


DIRECT-The 
operand is specified by an 8-bit ad- 


dress field in the instruction. The operand must be in 
the Register File or SFR space (locations OOOOH 
through OOFFH). 


IMMEDIATE-The 
operand itself follows the op- 


code in the instruction stream as immediate data. 
The immediate data can be either 8-bits or 16-bits as 
required by the opcode. 


INDIRECT-An 
8-bit address field in the instruction 


gives the address of a word register in the Register 
File which contains the 16-bit address of the oper- 
and. The operand can be anywhere in memory. 


INDIRECT WITH AUTO-INCREMENT-Same 
as 


Indirect, except that, after the operand is referenced, 
the word register that contains the operand's ad- 
dress is incremented by 1 if the operand is a byte, or 
by 2 if the operand is a word. 


INDEXED-The 
instruction contains an 8-bit ad- 


dress field and either an 8-bit or a 16-bit displace- 
ment field. The 8-bit address field gives the address 
of a word register in the Register File which contains 
a 16-bit base address. The 8- or 16-bit displacement 
field contains a signed displacement that will be 
added to the base address to produce the address 
of the operand. The operand can be anywhere in 
memory. 


The 8096 contains a Zero Register at word address 
OOOOH(and which contains OOOOH).This register is 
available for performing comparisons and for use as 
a base register in indexed addressing. This effective- 
ly provides direct addressing to all 64K of memory. 


In the 8096, the Stack Pointer is at word address 
0018H in the Register File. If the 8-bit address field 
in an indexed instruction contains 18H, the Stack 
Pointer becomes the base register. This allows di- 
rect accessing of variables in the stack. 


The following tables list the MCS-96 instructions, 
their opcodes, and execution times. 


inter 


Mnemonic 
Oper- 
Operation 
(Note 
1) 
Flags 
Notes 
ands 
Z 
N 
C 
V 
VT 
ST 


ADD/ADDB 
2 
D-D+A 
I-' 
I-' 
I-' 
I-' 
i 
- 
ADD/ADDB 
3 
D-B+A 
I-' 
I-' 
I-' 
I-' 
i 
- 
ADDC/ADDCB 
2 
D - 
D + A +C 
.J, 
I-' 
I-' 
I-' 
i 
- 
SUB/SUBB 
2 
D-D-A 
I-' 
I-' 
I-' 
I-' 
i 
- 
SUB/SUBB 
3 
D-B-A 
I-' 
I-' 
I-' 
I-' 
i 
- 
SUBC/SUBCB 
2 
D-D-A+C-1 
.J, 
I-' 
I-' 
I-' 
i 
- 
CMP/CMPB 
2 
D-A 
I-' 
I-' 
I-' 
I-' 
i 
- 
MULIMULU 
2 
D,D + 2 - 
D"A 
- 
- 
- 
- 
- 
? 
2 


MULIMULU 
3 
D,D + 2 - 
B" A 
- 
- 
- 
- 
- 
? 
2 


MULB/MULUB 
2 
D,D + 1 - 
D" A 
- 
- 
- 
- 
- 
? 
3 
MULB/MULUB 
3 
D,D + 1 - 
B" A 
- 
- 
- 
- 
- 
? 
3 


DIVU 
2 
D - 
(D, D + 2)/ A, D + 2 - 
remainder 
- 
- 
- 
I-' 
i 
- 
2 
DIVUB 
2 
D - 
(D, D + 1)/A, D + 1 - 
remainder 
- 
- 
- 
I-' 
i 
- 
3 
DIV 
2 
D - 
(D, D + 2)/ A, D + 2 - 
remainder 
- - - 
? 
i 
- 
2 
DIVB 
2 
D - 
(D, D + 1)/A, D + 1 - 
remainder 
- 
- 
- 
? 
i 
- 
3 
AND/ANDB 
2 
D - 
DandA 
I-' 
I-' 
0 
0 
- 
- 
AND/ANDB 
3 
D - 
BandA 
. 
I-' 
I-' 
0 
0 
- 
- 
ORIORB 
2 
D - 
DorA 
I-' 
I-' 
0 
0 
- 
- 
XOR/XORB 
2 
D - 
D (excl. or) A 
I-' 
I-' 
0 
0 
- 
- 
LD/LDB 
2 
D-A 
- 
- 
- 
- 
~ 
- 
- 
ST/STB 
2 
A-D 
- 
- 
- 
- 
- 
- 
LDBSE 
2 
D - 
A;D + 1 - 
SIGN(A) 
- 
- 
- 
- 
- 
- 
3,4 
LDBZE 
2 
D - 
A;D+1 
- 
0 
- 
- 
- - 
- 
- 
3,4 
PUSH 
1 
SP - 
SP - 2; (SP) - 
A 
- 
- 
- - 
- 
- 
POP 
1 
A - 
(SP);SP - 
SP + 2 
- 
- 
- 
- 
- 
- 
PUSHF 
0 
SP - 
SP - 2; (SP) - 
PSW; 
0 
0 
0 
0 
0 
0 
PSW - 
OOOOH 
1-0 
POPF 
0 
PSW - 
(SP);SP - 
SP + 2; 
I-I-' 
I-' 
I-' 
I-' 
I-' 
I-' 
I-' 
SJMP 
1 
PC - 
PC + 11·bit offset 
- 
- - 
- 
- 
- 
5 
LJMP 
1 
PC - 
PC + 16·bit offset 
- 
- 
- 
- 
- 
- 
5 
BR (indirect) 
1 
PC - 
(A) 
- 
- 
- - 
- 
- 
SCALL 
1 
SP - 
SP - 2; (SP) - 
PC; 
- 
- 
- - - 
- 
5 
PC - 
PC + 11·bit offset 
LCALL 
1 
SP - 
SP - 2; (SP) - 
PC; 
- 
- 
- 
- 
- 
- 
5 
PC - 
PC + 16·bit offset 
RET 
0 
PC - 
(SP);SP - 
SP + 2 
- 
- 
- 
- 
- 
- 
J (conditional) 
1 
PC - 
PC + a·bit offset (if taken) 
- 
- 
- 
- 
- 
- 
5 
JC 
1 
JumpifC 
= 1 
- 
- 
- 
- 
- 
- 
5 
JNC 
1 
JumpifC 
= 0 
- 
- 
- 
- 
- 
- 
5 
JE 
1 
JumpifZ 
= 1 
- 
- 
- 
- 
- 
- 
5 


NOTES: 
1. If the mnemonic ends in "B", a byte operation is performed, otherwise a word operation is done. Operands D, B, and A 
must conform to the alignment rules for the required operand type. D and' B are locations in the register file; A can be 
located anywhere in memory. 
2. D, D + 2 are consecutive WORDS in memory; D is DOUBLE·WORD aligned. 
3. D, D + 1 are consecutive BYTES'in memory; D is WORD aligned. 
4. Changes a byte to a word. 
5. Offset is a 2's complement number. 


Mnemonic 
Oper- 
Operation 
(Note 
1) 
Flags 
Notes 
ands 
Z 
N 
C 
V 
VT 
ST 


JNE 
1 
JumpifZ = 0 
- - - - 
- - 
5 


JGE 
1 
Jump if N = 0 
- - - - 
- - 
5 


JLT 
1 
Jump if N = 1 
- - - - 
- - 
5 


JGT 
. 1 
Jump if N = 0 and Z = 0 
- - - - 
- 
- 
5 


JLE 
1 
Jump if N = 1 or Z = 1 
- - - - 
- - 
5 


JH 
1 
JumpifC = 1 andZ = 0 
- - - - 
- 
- 
5 


JNH 
1 
Jump if C = 0 or Z = 1 
- - - - 
- 
- 
5 


JV 
1 
Jump if V = 1 
- - - - - 
- 
5 


JNV 
1 
Jump if V = 0 
- - - - 
- 
- 
5 


JVT 
1 
Jump if VT = 1; Clear VT 
- - - - 
0 
- 
5 


JNVT 
1 
Jump if VT = 0; Clear VT 
- - - - 
0 
- 
5 


JST 
1 
Jump ifST = 1 
- - - - - 
- 
5 


JNST 
1 
JumpifST = 0 
- - - - - 
- 
5 


JSS 
3 
Jump if Specified Sit = 1 
- - - - 
- 
- 
5,6 


JSC 
3 
Jump if Specified Sit = 0 
- - - - 
- 
- 
5,6 


DJNZ 
1 
D - 
D - 
1; if D "" 0 then 
PC - 
PC + a-bit offset 
- - - - 
- - 
5 


DEC/DECS 
1 
D-D-1 
"" 
"" 
"" 
"" 
t 
- 
NEG/NEGS 
1 
D-O-D 
"" 
"" 
"" 
"" 
t 
- 
INC/INCS 
1 
D - 
D+ 
1 
"" 
"" 
"" 
"" 
t 
- 
EXT 
1 
D - 
D; D + 2 - 
Sign (D) 
"" 
"" 
0 
0 
- 
- 
2 


EXTS 
1 
D - 
D;D + 1 - 
Sign (D) 
"" 
"" 
0 
0 
- 
- 
3 


NOT/NOTS 
1 
D - 
Logical Not (D) 
"" 
"" 
0 
0 - 
- 
CLR/CLRS 
1 
D-O 
1 
0 
0 
0 - 
- 
SHLISHLS/SHLL 
2 
C - 
msb-----Isb 
- 
0 
"" 
? 
"" 
"" 
t 
- 
7 


SHRISHRS/SHRL 
2 
0- 
msb-----Isb 
- 
C 
"" 
? 
"" 
0 - 
"" 
7 


SHRA/SHRAS/SHRAL 
2 
msb - 
msb-----Isb 
- 
C 
"" 
"" 
"" 
0 
- 
"" 
7 


SETC 
0 
C-1 
- - 
1 - - - 
CLRC 
0 
C-O 
- - 
0 - - 
- 
CLRVT 
0 
VT - 
0 
- - - - 
0 
- 
RST 
0 
PC - 
20aOH 
0 
0 
0 
0 
0 
0 
a 
DI 
0 
Disable All Interrupts (I - 
0) 
- - - - - - 
EI 
0 
Enable All Interrupts (I - 
1) 
- - - - - - 
NOP 
0 
PC-PC+1 
- - - - - - 
SKIP 
0 
PC-PC+2 
- - - - - - 
NORML 
2 
Left Shift Till msb - 
1; D - 
shift count 
"" 
? 
0 - - - 
7 
TRAP 
0 
SP - 
SP - 2; (SP) - 
PC 
PC - 
(2010H) 
- - - - - - 
9 


NOTES: 
1. If the mnemonic ends in "S", a byte operation is performed, otherwise a word operation is done. Operands D, S, and A 
must conform to the alignment rules for the required operand type. D and S are locations in the register file; A can be 
located anywhere in memory. 
5. Offset is a 2's complement number. 
6. Specified bit is one of the 204a bits in the register file. 
7. The "L" (Long) suffix indicates double-word operation. 
a. Initiates a Reset by pulling RESET low. Software should re-initialize all the necessary registers with code starting at 
20aOH. 
9. The assembler will not accept this mnemonic. 


inter 


DIRECT 
IMMEDIATE 
INDIRECT@ 
INDEXED@ 
- 


NORMAL 
AUTO-INC. 
SHORT 
LONG 


<.> 
0 
Z 
0z 
W 
W 
W 
80 
80 
W 
80 
80 
0 
c 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
=r: 
a: 
0 
W 
W0 
0 
W 
W0 
0 
W 
Ww 
W 
Ww 
0 
W 
Ww 
W 
Ww 
W 
W 
<.> 
~ 
!;(W 
<.> 
~ 
!;(W 
<.> 
~ 
!;(=r: ~ 
!;(=r: 
<.> 
~ 
!;(:i ~ 
!;(=r: 
z 
CL 
CL 
~! 
CL 
~! 
CL 
~- 
~- 
CL 
~- 
:ni= 
=r: 
0 
0 
III 
0~ 
0 
III 
0~ 
0 
III 
0~ 
III 
0~ 
0 
III 
0~ 
III 


ARITHMETIC 
INSTRUCTIONS 


ADD 
2 
64 
3 
4 
65 
4 
5 
66 
3 
6/11 
3 
7/12 
67 
4 
6/11 
5 
7/12 


ADD 
3 
44 
4 
5 
45 
5 
6 
46 
4 
7/12 
4 
8/13 
47 
5 
7/12 
6 
8/13 


ADDB 
2 
74 
3 
4 
75 
3 
4 
76 
3 
6/11 
3 
7/12 
77 
4 
6/11 
5 
7/12 


ADDB 
3 
54 
4 
5 
55 
4 
5 
56 
4 
7/12 
4 
8/13 
57 
5 
7/12 
6 
8/13 


ADDC 
2 
A4 
3 
4 
A5 
4 
5 
A6 
3 
6/11 
3 
7/12 
A7 
4 
6/11 
5 
7/12 


ADDCB 
2 
B4 
3 
4 
B5 
3 
4 
B6 
3 
6/11 
3 
7/12 
B7 
4 
6/11 
5 
7/12 


SUB 
2 
68 
3 
4 
69 
4 
5 
6A 
3 
6111 
3 
7/12 
6B 
4 
6/11 
5 
7/12 


SUB 
3 
48 
4 
5 
49 
5 
6 
4A 
4 
7/12 
4 
8113 
4B 
5 
7/12 
6 
8/13 


SUBB 
2 
78 
3 
4 
79 
3 
4 
7A 
3 
6/11 
3 
7/12 
7B 
4 
6/11 
5 
7/12 


SUBB 
3 
58 
4 
5 
59 
4 
5 
5A 
4 
7/12 
4 
8/13 
5B 
5 
7/12 
6 
8/13 


SUBC 
2 
A8 
3 
4 
A9 
4 
5 
AA 
3 
6/11 
3 
7/12 
AB 
4 
6/11 
5 
7/12 


SUBCB 
2 
B8 
3 
4 
B9 
3 
4 
BA 
3 
6/11 
3 
7/12 
BB 
4 
6/11 
5 
7112 


CMP 
2 
88 
3 
4 
89 
4 
5 
8A 
3 
6/11 
3 
7/12 
8B 
4 
6/11 
5 
7/12 


CMPB 
2 
98 
3 
4 
99 
3 
4 
9A 
3 
6/11 
3 
7/12 
9B 
4 
6/11 
5 
7/12 


MULU 
2 
6C 
3 
25 
6D 
4 
26 
6E 
3 
27/32 
3 
28/33 
6F 
4 
27/32 
5 
28/33 


MULU 
3 
4C 
4 
26 
4D 
5 
27 
4E 
4 
28/33 
4 
29/34 
4F 
5 
28/33 
6 
29/34 


MULUB 
2 
7C 
3 
17 
7D 
3 
17 
7E 
3 
19/24 
3 
20/25 
7F 
4 
19/24 
5 
20125 


MULUB 
3 
5C 
4 
18 
5D 
4 
18 
5E 
4 
20/25 
4 
21/26 
5F 
5 
20/25 
6 
21/26 


MUL 
2 
(2) 
4 
29 
(2) 
5 
30 
(2) 
4 
31136 
4 
32/37 
(2) 
5 
31/36 
6 
32/37 


MUL 
3 
(2) 
5 
30 
(2) 
6 
31 
(2) 
5 
32/37 
5 
33/38 
(2) 
6 
32/37 
7 
33/38 


MULB 
2 
(2) 
4 
21 
(2) 
4 
21 
(2) 
4 
23/28 
4 
24/29 
(2) 
5 
23/28 
6 
24/29 


MULB 
3 
(2) 
5 
22 
(2) 
5 
22 
(2) 
5 
24129 
5 
25/30 
(2) 
6 
24129 
7 
25/30 


DIVU 
2 
8C 
3 
25 
80 
4 
26 
8E 
3 
28/32 
3 
29/33 
8F 
4 
28/32 
5 
29/33 


DIVUB 
2 
9C 
3 
17 
9D 
3 
17 
9E 
3 
20/24 
3 
21/25 
9F 
4 
20/24 
5 
21/25 


DIV 
2 
(2) 
4 
29 
(2) 
5 
30 
(2) 
4 
32/36 
4 
33/37 
(2) 
5 
32136 
6 
33/37 


DIVB 
2 
(2) 
4 
21 
(2) 
4 
21 
(2) 
4 
24/28 
4 
25/29 
(2) 
5 
24128 
6 
25/29 


NOTES: 
• Long indexed and Indirect + instructions have identical opcodes with Short indexed and Indirect modes, respectively. The 
second byte of instructions using any indirect or indexed addressing mode specifies the exact mode used. If the second byte 
is even, use Indirect or Short Indexed. If it is odd, use Indirect+ 
or Long Indexed. In all cases the second byte of the 
instruction always specifies an even (word) location for the address referenced. 
1. Number of state times shown for internal! ex1ernaloperands. 
2. The opcodes for signed multiply and divide are the opcodes for the unsigned functions with an "FE" appended as a 
prefix. 
3. State times shown for 16-bit bus. 


inter 


INDIRECT@ 
INDEXED@ 
DIRECT 
IMMEDIATE 
NORMAL 
AUTo-INC. 
SHOAT 
LONG 


u 
0 
'i 
Q 
UI 
UI 
UI 
Z 
UI 
90 
90 
90 
90 
0 
C 
Q 
0 
~f3 
8 
0 
Q 
0 
0 
8 
0 


~ 
2 
IlIC 
0 
~ 
~ 
~f3 
0 
~ ~;~ ~; 
~ ~; ~; 
UI 
UI 
U 
~ 
~ 
~ 
Z 
A- 
A- 
...2 
...2 
•..~ 
Jn~ 
Jn~ 
Jn~ 
2 
0 
0 
CD 
0~ 
0 
CD 
0~ 
0 
CD 
0 
CD 
0 
CD 
CD 


LOGICAL 
INSTRUCTIONS 


AND 
2 
60 
3 
4 
61 
4 
5 
62 
3 
6111 
3 
7/12 
63 
4 
6/11 
5 
7/12 


AND 
3 
40 
4 
5 
41 
5 
6 
42 
4 
7/12 
4 
8/13 
43 
5 
7/12 
6 
8113 


ANDB 
2 
70 
3 
4 
71 
3 
4 
72 
3 
6111 
3 
7/12 
73 
4 
6111 
5 
7/12 


ANDB 
3 
50 
4 
5 
51 
4 
5 
52 
4 
7/12 
4 
8/13 
53 
5 
7/12 
6 
8/13 


OR 
2 
80 
3 
4 
81 
4 
5 
82 
3 
6111 
3 
7/12 
83 
4 
6111 
5 
7/12 


ORB 
2 
90 
3 
4 
91 
3 
4 
92 
3 
6111 
3 
7/12 
93 
4 
6111 
5 
7/12 


XOR 
2 
84 
3 
4 
85 
4 
5 
86 
3 
6111 
3 
7/12 
87 
4 
6111 
5 
7/12 


XORB 
2 
94 
3 
4 
95 
3 
4 
96 
3 
6111 
3 
7/12 
97 
4 
6111 
5 
7/12 


DATA TRANSFER 
INSTRUCTIONS 


LD 
2 
AO 
3 
4 
Al 
4 
5 
A2 
3 
6111 
3 
7/12 
A3 
4 
6111 
5 
7/12 


LOB 
2 
BO 
3 
4 
B1 
3 
4 
B2 
3 
6111 
3 
7/12 
B3 
4 
6111 
5 
7/12 


ST 
2 
CO 
3 
4 
- 
- 
-- 
C2 
3 
7111 
3 
8/12 
C3 
4 
7111 
5 
8/12 


STB 
2 
C4 
3 
4 
- - 
-- 
C6 
3 
7/11 
3 
8/12 
C7 
4 
7/11 
5 
8/12 


LDBSE 
2 
BC 
3 
4 
BD 
3 
4 
BE 
3 
6111 
3 
7/12 
BF 
4 
6111 
5 
7/12 


LDBZE 
2 
AC 
3 
4 
AD 
3 
4 
AE 
3 
6111 
3 
7/12 
AF 
4 
6111 
5 
7/12 


STACK OPERATIONS 
(Internal 
steck) 


PUSH 
1 
C8 
2 
8 
C9 
3 
8 
CA 
2 
11115 
2 
12116 
CB 
3 
11115 
4 
12116 


POP 
1 
CC 
2 
12 
- 
- 
-- 
CE 
2 
14/18 
2 
14/18 
CF 
3 
14118 
4 
14/18 


PUSHF 
0 
F2 
1 
8 


POPF 
0 
F3 
1 
9 
STACK OPERATIONS 
(extemal 
Nck) 


PUSH 
1 
C8 
2 
12 
C9 
3 
12 
CA 
2 
15/19 
2 
16120 
CB 
3 
15/19 
4 
16120 


POP 
1 
CC 
2 
14 
- - 
-- 
CE 
2 
16120 
2 
16120 
CF 
3 
16120 
4 
16120 


PUSHF 
0 
F2 
1 
12 


POPF 
0 
F3 
1 
13 


JUMPS 
AND CALLS 


MNEMONIC 
OPCODE 
BYTES 
STATES 
MNEMONIC 
OPCODE 
BYTES 
STATES 


UMP 
E7 
3 
8 
LCALL 
EF 
3 
13/I~ 


SJMP 
2Q-27@ 
2 
8 
SCALL 
28-2F@ 
2 
13/I~ 


BRIl 
E3 
2 
8 
RET 
FO 
1 
I2II~ 


TRAPQ> 
F7 
1 
21/24 


NOTES: 
1. Number of state times shown for internal/external operands. 
3. The assembler does not accept this mnemonic. 
4. The least significant 3 bits of the opcode are concatenated with the following 8 bits to form an 11-bit, 2's complement, 
offset for the relative call or jump. 
5. State times for stack located internal/external. 
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All conditional 
jumps are 2 byte instructions. 
They require 8 state times if the jump is taken, 4 if it is not. 


Mnemonic 
Opcode 
Mnemonic 
Opcode 
Mnemonic 
Opcode 
Mnemonic 
Opcode 


JC 
OB 
JE 
OF 
JGE 
06 
JGT 
02 


JNC 
03 
JNE 
07 
JLT 
OE 
JLE 
OA 


JH 
09 
JV 
00 
JVT 
DC 
JST 
08 


JNH 
01 
JNV 
05 
JNVT 
04 
JNST 
00 


These 
instructions 
are 3-byte instructions. 
They require 9 state times if the jump is taken, 5 if it is not. 


Bit Number 


Mnemonic 
0 
1 
2 
3 
4 
5 
6 
7 


JBC 
30 
31 
32 
33 
34 
35 
36 
37 


JBS 
38 
39 
3A 
3B 
3C 
30 
3E 
3F 


LOOP CONTROL 


3 BYTES; 
5/9 STATE TIMES 
(NOT TAKEN/TAKEN) 


Mnemonic 
Opcode 
Bytes 
States 
Mnemonic 
Opcode 
Bytes 
States 


OEC 
05 
2 
4 
EXT 
06 
2 
4 


OECB 
15 
2 
4 
EXTB 
16 
2 
4 


NEG 
03 
2 
4 
NOT 
02 
2 
4 


NEGB 
13 
2 
4 
NOTB 
12 
2 
4 


INC 
07 
2 
4 
CLR 
01 
2 
4 


INCB 
17 
2 
4 
CLRB 
11 
2 
4 


Instr 
Word 
Instr 
Byte 
Instr 
DBLWD 
State 
Times 
Mnemonic 
OP 
B 
Mnemonic 
OP 
B 
Mnemonic 
OP 
B 


SHL 
09 
3 
SHLB 
19 
3 
SHLL 
00 
3 
7 + 1 PER SHIFT(7) 


SHR 
08 
3 
SHRB 
18 
3 
SHRL 
OC 
3 
7 + 1 PER SHIFT(7) 


SHRA 
OA 
3 
SHRAB 
1A 
3 
SHRAL 
OE 
3 
7 + 1 PER SHIFT(7) 


Mnemonic 
Opcode 
Bytes 
States 
Mnemonic 
Opcode 
Bytes 
States 


SETC 
F9 
1 
4 
01 
FA 
1 
4 


CLRC 
F8 
1 
4 
EI 
FB 
1 
4 


CLRVT 
FC 
1 
4 
Nap 
FO 
1 
4 


RST(6) 
FF 
1 
166 
SKIP 
00 
2 
4 


Mnemonic 


NORML 


NOTES: 
6. This instruction 
takes 
2 states 
to pull RST low, then 
holds 
it low for 2 states 
to initiate 
a reset. The reset takes 
12 states, 
at which 
time the program 
restarts 
at location 
2080H. 
7. Execution 
will take at least 8 states, 
even for 0 shift. 


inter 


Functional deviations from the 809x and 839x on the 
809x-90 and 839x-90. 


1. Indexed, 3 Operand Multiply-The 
displacement 
portion of an indexed, three word multiply may not 
be in the range of 200H thru 17FFH inclusive. 
This also applies to byte multiples that use 3 oper- 
ands. 
2. Add or Subtract with carry-The 
zero flag is both 
set and cleared by these instructions. Zero check- 
ing must be done after each operation. 


3. EXT-This 
instruction never sets the N flag, and 
always sets the Z flag. The EXTB works correctly. 
Check the flags before executing an EXT instruc- 
tion. Additionally, having more than two wait 
states during an EXT (extend word only) instruc- 
tion may cause the instruction to give an incorrect 
result. 


4. Read-Modify-Write on Interrupt Pending-A 
read- 
modify-write instruction on the interrupt pending 
register may cause interrupts that occur during 
execution of the instruction to be missed. 
5. READY line-The 
READY line should not be 
brought low during the execution of an instruction 
that accesses HSI_TIME, SP_STAT or IOS1. It 
should also not be brought low for a data write 
during the instruction immediately preceding one 
of the above operations. Do not use wait states 
for program memory that holds these instructions. 
Also place a NOP between writes to slow memory 
and accesses 
to 
HSO_TIME, 
SP_STAT 
or 


IOS1. 


The READY line also should not be brought low 
for more than two state times when using the EXT 
(extend word) instruction. 


6. Signed Divide-The 
V and VT flags may indicate 


an overflow after a signed divide when no over- 
flow has occurred. 
7. The sticky flag is not affected when a shift by zero 


is executed on an 8X9X-90. 


8. The JBS and JBC instructions should not be used 


directly on Port 2.1 or any pins of Port 0 if used as 
digital input. If it is necessary to test these pins, 
first LD the port data into a temporary register, 
and then test the bit there. 


1. HSI Timing-An 
event occurring within 16 state 


times of a prior event on the same HSI line may 
not be recorded. Additionally, an event occurring 
within 16 state times of a prior event on another 
HSI line may be recorded with a time tag one 
count earlier than expected. Events are defined 
as the condition the line is set to trigger on. The 
effective resolution is increased to 4 /Ls for such 
closely spaced events. 


2. HSI Divide by 8 Mode-If 
an event on a pin set to 


look for every eighth transition occurs less than 
16 state times after an event on any other pin, 
then the divide by 8 event will be recorded twice 
in the HSI FIFO. The time tag of the duplicate 
FIFO entry will be equal to that of the initial entry 
plus one. The programmer's software should de- 
tect and discard the second entry. 


3. HSO Interrupts-Software 
timer interrupts cannot 


be generated by the HSO commands that reset 
Timer 2 or start an A to D conversion. 


4. The first few instructions of an interrupt service 


routine should check IOS1.7 and exit if the Hold- 
ing Register is not loaded. This will successfully 
clear unwanted events. 


1. Serial Port Flags-Reading 
SP_STAT 
may not 


clear the TI or RI flag if that flag was set within 
two state times prior to the read. In addition, the 
parity error bit (RPE/RB8) may not be correct if it 
is read within two state times after RI is set. 


Use the following code to replace ORB sp_image, 
SP_STAT. 


SP_READ: 
LDB TEMP, SP_STAT 
ORB SP_IMAGE, SP_STAT 
JBS TEMP,5,SP_READ 
if TI bit is set 
then read again 


JBS TEMP,6,SP_READ 
if RI bit is set 
then read again 


ANDB SP_lMAGE,#7FH 
clear false 
RB8/RPE 


ORB SP_IMAGE,TEMP 
load correct 
RB8/RPE 


2. Serial Port Mode 0- The serial port is not tested 


in mode O. The receive function in this mode does 
not work correctly. The receive function will not 
work unless the first bit shifted in is a one. 


3. Serial Port Baud Value-Loading 
the baud rate 


register with 8000H (maximum baud rate, internal 
clock) may cause an 11 millisecond delay (at 
Fosc = 12 MHz) before the port is properly initial- 
ized. After initialization the port works properly. In- 
clude a 44000 state time delay after writing 
8000H to the Baud Rate Register. 


1. Ports 3 and 4 (Internal Execution Mode Only)- To 


be used as outputs, Ports 3 and 4 each must be 
addressed as words but written to as bytes. To 
write to Port 3 use "ST temp, 1ffeh", where the 
low byte of "temp" contains the data for the port. 


To write to Port 4, use the DCB operator to gener- 
ate the opcode sequence "OC3H, 001H, OFFH, 
01FH, (temp)", where the high byte of "temp" 
contains the data for the port. Ports 3 and 4 will 
not work as input ports. 
Also, when writing to Ports 3 and 4, the address of 
the port, (1FFEH, 1FFFH) will appear on the bus 
pins for 2 oscillator periods before the new data is 
presented to the pins. Since normal bus control 
signals (ALE, RD, etc.) are suppressed during 
writes to these addresses, there is no way to latch 
the data and prevent this address "glitch" to the 
outside world. If this presents a problem in an ap- 
plication, port reconstruction must be done at an- 
other address as described in the MCS-96 Hard- 
ware Design Information Chapter. 
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•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Ambient 
Temperature 
Under Bias .... 
O·C to + 70·C 


Storage Temperature 
- 40·C to + 150·C 


Voltage 
from Any Pin to 
VssorANGND 
-0.3Vto 
+7.0V 


Average 
Output Current from Any Pin 
10 mA 


Power Dissipation 
1.5 Watts 
NOTICE Specifications contained within the 
following tables are subject to change. 


Symbol 
Parameter 
Mln 
Max 
Units 


TA 
Ambient 
Temperature 
Under Bias 
0 
+70 
C 


Vcc 
Digital Supply Voltage 
4.50 
5.50 
V 


VREF 
Analog Supply Voltage 
4.5 
5.5 
V 


fosc 
Oscillator 
Frequency 
6.0 
12 
MHz 


VPD 
Power-Down 
Supply Voltage 
4.50 
5.50 
V 


NOTE: 
VBB should be connected to ANGND through a 0.01 ".F capacitor. ANGND and Vss should be nominally at the same 
potential. 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


VIL 
Input Low Voltage 
(Except RESET) 
-0.3 
+0.8 
V 


VIL1 
Input Low Voltage, 
RESET 
-0.3 
+0.7 
V 


VIH 
Input High Voltage 
(Except RESET, NMI, XTAL 1) 
2.0 
Vcc 
+0.5 
V 


VIH1 
Input High Voltage, 
RESET Rising 
2.4 
VCC +0.5 
V 


VIH2 
Input High Voltage, 
RESET Falling 
2.1 
VCC +0.5 
V 


VIH3 
Input High Voltage, 
NMI, XTAL 1 
2.4 
Vcc 
+0.5 
V 


VOL 
Output Low Voltage 
0.45 
V 
(Note 1) 


VOH 
Output High Voltage 
2.4 
V 
(Note 2) 


Icc 
Vcc Supply Current 
200 
mA 
All Outputs 
Disconnected 


IpD 
VPD Supply Current 
1 
mA 
Normal operation 
and Power-Down 


IREF 
VREF Supply Current 
8 
mA 


Iu 
Input Leakage Current to all pins of HSI, 
±10 
JloA 
Vin = OtoVCC 


P3, P4, and to P2.1 


IU1 
Input Leakage to Port 0 
±3 
JloA 
VIN = OtoVcC 


IIH 
Input High Current to EA 
100 
JloA 
VIH = 2.4V 


IlL 
Input Low Current to all pins of P1, 
-100 
JloA 
VIL = 0.45V 


and to P2.6, P2.7 


IIL1 
Input Low Current to RESET 
0.3 
-2 
mA 
VIL = 0.45V 


11L2 
Input Low Current P2.2, P2.3, P2.4, READY 
-50 
JloA 
VIL = 0.45V 


Cs 
Pin Capacitance 
(Any Pin to Vss) 
10 
pF, 
fTEST = 1.0 MHz 


NOTES: 
1. IOL = 0.4 mA for all pins of P1, for P2.6 and P2.7, and for all pins of P3 and P4 when used as ports. IOL = 2.0 mA for 
TXD, RXD (in serial port mode 0), PWM, CLKOUT, ALE, SHE, RD, WR, and RESET and all pins of HSO and P3 and P4 
when used as external memory bus (ADO-AD15). 
2. IOH = -20 ~f~1I 
pins of P1, for P2.6 and P2.7. IOH = -200 
".A for TXD, RXD (in serial port mode 0), PWM, 
CLKOUT, ALE, SHE, WR, and all pins of HSO and P3 and P4 when used as external memory bus (ADO-AD15). P3 and P4, 
when used as ports, have open-drain outputs. 


intJ 


Resolution 
± 0.001 VREF 


Accuracy 
± 0.004 VREF 


Differential 
nonlinearity 
± 0.002 VREF max 


Integral nonlinearity 
± 0.004 VREF max 


Channel-to-channel 
matching 
± 1 LSB 


Crosstalk 
(DC to 100 KHz) 
-60 
dB max 


AID 
Converter 
operation 
is verified 
only -on the 
8097, 8397, 8095, 8395. 


The absolute 
conversion 
accuracy 
is dependent 
on 


the accuracy 
of VREF. The specifications 
given be- 
low assume 
adherence 
to the Operating 
Conditions 
section 
of these 
data 
sheets. 
Testing 
is done 
at 
VREF 
= 5.120V. 


A.C. CHARACTERISTICS 
(VCC, VPD = 4.5 to 5.5 Volts; TA = O·C to 70·C; fosc = 6.0 to 12.0 MHz) 


Test Conditions: 
Load Capacitance 
on Output 
Pins = 80 pF 
Oscillator 
Frequency 
= 12.00 MHz 


Symbol 
Parameter 
Mln 
Max 
Units 


TCLYX 
READY Hold after CLKOUT Edge 
0 
ns 


TLLYV 
End of ALE to READY Setup 
-Tosc 
2Tosc-60 
ns 


TLLYH 
End of ALE to READY Hiah 
2 Tosc+40 
4Tosc-60(1) 
ns 


TYLYH 
Non-ready Time 
1000 
ns 


TAVDV 
Address Valid to Input Data Valid 
5Tosc-90 
ns 


TRLDV 
RD/ Active to Input Data Valid 
3Tosc-60 
ns 


TRXDX 
Data Hold after RD/inactive(2) 
0 
ns 


TRXDZ 
RD/lnactive 
to Input Data Float(2) 
Tosc-20 
ns 


Symbol 
Parameter 
Mln 
Max 
Units 


FXTAL 
Oscillator Frequencv 
6.00 
12.00 
MHz 


Tosc 
Oscillator Period 
83 
166 
ns 


TOHCH 
Oscillator High to CLKOUT High(3) 
0 
120 
ns 


TCHCH 
CLKOUT Period(2) 
3Tosc(3) 
3Tosc(3) 
ns 


TCHCL 
CLKOUT Hiah Time 
Tosc-20 
Tosc+20 
ns 


TCLLH 
CLKOUT Low to ALE High 
-25 
20 
ns 


TLLCH 
ALE Low to CLKOUT Hiah 
Tosc-20 
Tosc+40 
ns 


TLHLL 
ALE Pulse Width 
Tosc-25 
Tosc+15 
ns 


TAVLL 
Address Setup to End of ALE 
Tosc-50 
ns 


TLLRL 
End of ALE to RD/ or WR/ Active 
Tosc-20 
ns 


TLLAX 
Address Hold After End of ALE 
Tosc-20 
ns 


TWLWH 
WR/ Pulse Width 
2Tosc-35 
ns 
TQVWX 
Output Data Setup to End of WR/ 
2Tosc-60 
ns 
TWXQX 
Output Data Hold After End of WR/ 
Tosc-25 
ns 
TWXLH 
End of WR/ to Next ALE 
2Tosc-30 
ns 


TRLRH 
RD/ Pulse Width 
3Tosc-30 
ns 


TRHLH 
End of RD/ to Next ALE 
Tosc-25 
ns 


NOTES: 
1. If more than one wait state is desired, add 3Tosc for each additional wait state. 
2. This specification is not tested, but is verified by design analysis and/or derived from other tested parameters. 
3. CLKOUT is directly generated as a divide by 3 of the oscillator. The period will be 3Tosc ± 10 ns if Tosc is constant and 
the rise and fall times on XTAL 1 are less than 10 ns. CLKOUT is not bonded out on 48-pin parts. 


inter 
MCS®-96 
809XBH/839XBH/879XBH 
Express 


• 
Extended 
Temperature 
Range 
(- 40·C to + 85·C) 


The Intel EXPRESS 
system 
offers enhancements 
to the operational 
specifications 
of the MCSI!>-96 family of 
microcontrollers. 
These 
EXPRESS 
products 
are designed 
to meet the needs 
of those 
applications 
whose 
operating 
requirements 
exceed 
commercial 
standards. 


The EXPRESS 
program 
includes 
the commercial 
standard 
temperature 
range with burn-in, 
and an extended 
temperature 
range with or without 
burn-in. 


With the commercial 
standard 
temperature 
range operational 
characteristics 
are guaranteed 
over the temper- 
ature 
range 
of O·C to + 70·C. With the extended 
temperature 
range 
option, 
operational 
characteristics 
are 
guaranteed 
over the range of - 40·C to + 8S·C. 


The optional 
burn-in is dynamic, 
for a minimum 
time of 160 hours at 12S·C with Vcc 
= S.SV ±O.SV, following 
guidelines 
in MIL-STD-883, 
Method 
101S. 


Package 
types 
and EXPRESS 
versions 
are identified 
by a one- or two-letter 
prefix to the part number. 
The 
prefixes 
are listed in Table 
1. 


This data sheet specifies 
the parameters 
for the extended 
temperature 
range option. The commercial 
temper- 


ature range data sheets 
are applicable 
otherwise. 


POWER 
fREQUENCY 
DOWN 
REfERENCE 


------i1-::::-~------i:-~---j 


ROM 
• 
GEN 
8 
(8396): 
•••• 


HIGH 
SPEED 
I/O 


PORT 3 


] 


ADDR 
DATA 
BUS 


PORT 4 


ELECTRICAL 
CHARACTERISTICS 
ABSOLUTE 
MAXIMUM 
RATINGS· 


Ambient 
Temperature 
Under Bias. 
- 40·C to + 85·C 


Storage Temperature 
-40·C 
to + 150·C 


Voltage 
from Vpp or EA 
to Vss or ANGND 
- O.3V to + 13.0V 


Voltage 
from Any Other Pin to 
Vss or ANGND 
-O.3V 
to + 7.0V· 


Average 
Output Current from Any Pin 
10 mA 


Power Dissipation 
1.5W 


·This 
includes 
Vpp on ROM and CPU devices. 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE Specifications contained within the 
following tables are subject to change. 


Symbol 
Parameter 
Mln 
Max 
Units 


TA 
Ambient 
Temperature 
Under Bias 
-40 
+85 
C 


Vee 
Digital Supply Voltage 
4.50 
5.50 
V 


VREF 
Analog 
Supply Voltage 
4.50 
5.50 
V 


fose 
Oscillator 
Frequency 
6.0 
12 
MHz 


Vpo 
Power-Down 
Supply Voltage 
4.50 
5.50 
V 


NOTE: 
ANGND 
and Vss 
should 
be nominally 
at the same potential. 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


Ice 
Vee Supply Current 
( - 40'C 
,;; TA ,;; + 85'C) 
270 
mA 
All Outputs 


leel 
Vee Supply Current 
(TA = 
+ 85'C) 
185 
mA 
Disconnected. 


Ipo 
Vpo Supply Current 
1 
mA 
Normal 
operation 


and Power-Down. 


IREF 
VREF Supply Current 
10 
mA 


VIL 
Input Low Voltage 
(Except 
RESET) 
-0.3 
+0.8 
V 


VILl 
Input Low Voltage, 
RESET 
-0.3 
+0.7 
V 


VIH 
Input High Voltage 
(Except 
RESET, NMI, XTAl1) 
2.0 
Vee 
+0.5 
V 


VIHl 
Input High Voltage, 
RESET Rising 
2.4 
Vcc 
+0.5 
V 


VIH2 
Input High Voltage, 
RESET Falling Hysteresis 
2.1 
Vcc 
+0.5 
V 


VIH3 
Input High Voltage, 
NMI, XTAl1 
2.3 
Vcc 
+0.5 
V 


III 
Input Leakage 
Current to each pin of HSI, P3, P4, and to P2.1. 
±10 
",A 
Vin=OtoVee 


ILil 
D.C. Input Leakage 
Current to each pin of PO 
+3 
",A 
Vin = OtoVee 


IIH 
Input High Current 
to EA 
100 
",A 
VIH = 2.4V 


IlL 
Input Low Current to each pin of P1, 
-150 
",A 
VIL = 0.45V 
and to P2.6, P2.7. 


IILl 
Input Low Current to RESET 
-0.25 
-2 
mA 
VIL = 0.45V 


IIL2 
Input Low Current 
P2.2, P2.3, P2.4, READY, 
BUSWIDTH 
-50 
",A 
VIL = 0.45V 


VOL 
Output 
Low Voltage 
on Quasi-Bidirectional 
0.45 
V 
IOL = 0.8 mA 
port pins and P3, P4 when used as ports 
(Note 1) 


VOL1 
Output 
Low Voltage 
on Quasi-Bidirectional 
0.75 
V 
IOL = 2.0mA 
port pins and P3, P4 when used as ports 
(Notes 
1, 2, 3) 


VOL2 
Output 
Low Voltage 
on Standard 
Output 
0.45 
V 
IOL = 2.0mA 
pins, RESET and Bus/Control 
Pins 
(Notes 
1, 2, 3, 4) 


inter 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


VOH 
Output High Voltage on Quasi-Bidirectional 
2.4 
V 
IOH= -20/LA 
pins 
(Note 1) 


VOH1 
Output High Voltage on Standard Output 
2.4 
V 
IOH= -200/LA 
pins and Bus/Control pins 
(Note 1) 


IOH3 
Output High Current on RESET 
-50 
/LA 
VOH= 2.4V 


Cs 
Pin Capacitance (Any Pinto Vss) 
10 
pF 
fTEST = 1.0 MHz 


NOTES: 
1. Quasi-bidirectional pins include those on P1, for P2.6 and P2.7. Standard Output Pins include TXD, RXD (Mode 0 only), 
PWM, and HSO pins. Bus/Control pins include CLKOUT, ALE, BHE, RD, WR, INST and ADO-15. 
2. Maximum current per pin must be externally limited to the following values if VOL is held above OA5V. 


IOLon quasi-bidirectional pins and Ports 3 and 4 when used as ports: 4.0 mA 
IOLon standard output pins and RESET: 8.0 mA 
IOLon Bus/Control pins: 2.0 mA 
3.During normal (non-transient) operation the following limits apply: 
TotaiiOL on Port 1 must not exceed 8.0 mA. 
TotaiiOL on P2.0, P2.6, RESET and all HSO pins must not exceed 15 mA. 
TotaiiOL on Port 3 must not exceed 10 mA. 
TotaiiOL on P2.5, P2.7, and Port 4 must not exceed 20 mA. 


4. IOLon HSO.X (X = 0, 4, 5) = 1.6 mA @ 0.5V. 


A.C. CHARACTERISTICS 
(Under listed operating 
conditions) 
Test Conditions: 
Load Capacitance 
on Output 
Pins = 80 pF 
Oscillator 
Frequency 
= 10 MHz 


Symbol 
Parameter 
Mln 
Max 
Units 


TCLYX(4) 
READY Hold after CLKOUT 
Edge 
0(1) 
ns 


TLLYV 
End of ALE/ ADV to READY Valid 
2Tosc-70 
ns 


hLYH 
End of ALE/ ADV to READY High 
2Tosc+40 
4Tosc-80 
ns 


TYLYH 
Non-Ready 
Time 
1000 
ns 


TAVDV(6) 
Address 
Valid to Input Data Valid 
5Tosc-120 
ns 


TRLDV 
RD Active to Input Data Valid 
3Tosc-100 
ns 


TRHDX 
Data Hold after RD Inactive 
0 
ns 


TRHDZ 
RD Inactive to Input Data Float 
0 
Tosc-25 
ns 


TAVGV(4)(6) 
Address 
Valid to BUSWIDTH 
Valid 
2 Tosc 
-125 
ns 


TLLGX(4) 
BUSWIDTH 
Hold after ALE/ ADV Low 
Tosc 
+40 
ns 


TLLGV(4) 
ALE/ ADV Low to BUSWIDTH 
Valid 
Tosc 
-75 
ns 


NOTES: 
1. If the 48-pin part is being used then this timing can be generated by assuming that the CLKOUT falling edge has occurred 
at 2Tosc + 55 (TLLCH(max) + TCHCL(max)) after the falling edge of ALE. 
4. Pins not bonded out on 48-pin parts. 
6. The term "Address Valid" applies to ADO-15, BHE and INST. 


Symbol 
Parameter 
Min 
Max 
Units 


FXTAL 
Oscillator 
Frequency 
6.0 
12.0 
MHz 


Tosc 
Oscillator 
Period 
83 
166 
ns 


TOHCH 
XTAL 1 Rising Edge to Clockout 
Rising Edge 
0(4) 
120(4) 
ns 


TCHCH(4) 
CLKOUT 
Period(3) 
3Tosc(3) 
3Tosc(3) 
ns 


TCHCL(4) 
CLKOUT 
High Time 
Tosc-35 
Tosc+ 
10 
ns 


TCLLH(4) 
CLKOUT 
Low to ALE High 
-20 
+25 
ns 


TLLCH(4) 
ALEI ADV Low to CLKOUT 
High 
Tosc-25 
Tosc+45 
ns 


TLHLL 
ALEI ADV High Time 
Tosc-30 
Tosc+35(5) 
ns 


TAVLL(6) 
Address 
Setup to End of ALEI ADV 
Tosc-50 
ns 


TRLAZ(7) 
RD or WR Low to Address 
Float 
25 
ns 


TLLRL 
End of ALEI ADV to RD or WR Active 
Tosc-40 
ns 


TLLAX(7) 
Address 
Hold after End of ALEI ADV 
Tosc-40 
ns 


TWLWH 
WR Pulse Width 
3Tosc-35 
ns 


TQVWH 
Output Data Valid to End of WR/WRL/WRH 
3Tosc-60 
ns 


TWHQX 
Output Data Hold after WR/WRL/WRH 
Tosc-50 
ns 


TWHLH 
End of WR/WRL/WRH 
to ALE IADV High 
Tosc-75 
ns 


TRLRH 
RD Pulse Width 
3Tosc-30 
ns 


TRHLH 
End of RD to ALEI ADV High 
Tosc-45 
ns 


TCLLL(4) 
CLOCKOUT 
Low to ALEI ADV Low 
Tosc-40 
Tosc+35 
ns 


TRHSX(4) 
RD High to INST, SHE, AD8-15 Inactive 
Tosc-25 
Tosc+30 
ns 


TWHSX(4) 
WR High to INST, SHE, AD8-15 
Inactive 
Tosc-50 
Tosc+ 
100 
ns 


THLHH 
WRL, WRH Low to WRL, WRH High 
2Tosc-35 
2Tosc+40 
ns 


TLLHL 
ALEI ADV Low to WRL, WRH Low 
2Tosc-30 
2Tosc+55 
ns 


TQVHL 
Output Data Valid to WRL, WRH Low 
Tosc-60 
ns 


NOTES: 
2. If more than one wait state is desired, add 3Tosc for each additional wait state. 
3. CLKOUT is directly generated as a divide by 3 of the oscillator. The period will be 3Tosc ± 10 ns if Tosc is constant and 
the rise and fall times on XTAL1 are less than 10 ns. 
4. Pins not bonded out on 48-pin parts. 
5. Max spec applies only to ALE. Min spec applies to both ALE and ADV. 
6. The term "Address Valid" applies to ADO-15, SHE and INST. 
7. The term" 
Address" in this definition applies to ADO-7 for 8-bit cycles, and ADO-15 for 16-bil cycles. 


---.---------- 
\\ 
-------------- 


TWLWH 


VALID 
.._._----_ 
..... 
.'._ 
. 


NOTES: 
(1) 8·bit bus only. 
(2) 8·bit bus; or when 
write strobe 
mode selected. 


(3) When 
ADV selected. 


Symbol 
Parameter 
Mln 
Max 
Units 


TXLXL 
Serial Port Clock Period 
8Tose 
ns 


TXLXH 
Serial Port Clock Falling Edge to Rising Edge 
4Tose 
- 
50 
4Tose 
+ 50 
ns 


TQVXH 
Output Data Setup to Clock Rising Edge 
3Tose 
ns 


TXHQX 
Output Data Hold After Clock Rising Edge 
2Tose 
- 
50 
ns 


TXHQV 
Next Output Data Valid After Clock Rising Edge 
2Tose 
+50 
ns 


TDVXH 
Input Data Setup to Clock Rising Edge 
2Tose 
+200 
ns 


TXHDX 
Input Data Hold After Clock Rising Edge 
0 
ns 


TXHQZ 
Last Clock Rising to Output Float 
5Tose 
ns 


r-TXLXL -j 
TXO---U---U 
---1I ---1I ---U 
---U 
---1I ---1I 


TQVXH-j r- 
TXLXH-l 
r- 
TXHQVI---j 
-.J 
r-TXHQX 
TXHQZ-l I 
(O~XD---<I)( 
X 
2 
X 
3 
X 
4 
X 
5 
X--6--X 
7 
>- 


TOVXH--j f- 
-l 
r-TXHOX 


VALID 
VALID 
VALID 
VALID 


Symbol 
Parameter 
Mln 
Max 
Units 


1/TOlOl 
Oscillator 
Frequency 
6 
12 
MHz 


TOHOX 
High Time 
25 
ns 


TOlOX 
Low Time 
T, 
25 
ns 


TOlOH 
Rise Time 
15 
ns 


TOHOl 
Fall Time 
15 
ns 


2.4==x 
2.0> 
TESTPOINTS<2.0x= 
0.45 
0.8 
0.8 


270433-6 
A.C. Testing inputs are driven at 2.4V for a Logic "1" and 0.45V 
for a Logic "0'.'. Timing measurements are made at 2.0V for a 
Logic "1" and O.BVfor a Logic "0". 


VLOAO+O.15V 
VOH-O.15V 
V 
LOAO 
TIMINGREfERENCE.......- 
--- 
POINTS 
------ 


VLOAO-0.15 V 
VOL+0.15 V 


270433-7 
For Timing Purposes a Port Pin is no Longer Floating when a 100 
mV change from Load Voltage Occurs, and Begins to Float when 
a 100 mV change from the Loaded VOHIVOL Level occurs lOLl 
IOH;" 
±15 mA. 


The absolute conversion accuracy is dependent on 
the accuracy of VREF.The specifications given be- 
low assume adherence to the Operating Conditions 
section of these data sheets. Testing is done at 
VREF = 5.120V. 


AID 
Converter operation is verified only on the 
8097BH, 
8397BH, 
8095BH, 
8395BH, 
8797BH, 
8795BH. 


Parameter 
Typlcal'(1) 
Minimum 
Maximum 
Unit." 
Note. 


Resolution 
1024 
1024 
Levels 


10 
10 
Bits 


Absolute Error 
0 
±4 
LSBs 


Full Scale Error 
-0.5 
±0.5 
LSBs 


Zero Offset Error 
±0.5 
LSBs 


Non-Linearity 
0 
±4 
LSBs 


Differential Non-Linearity 
0 
±2 
LSBs 


Channel-to-Channel Matching 
0 
±1 
LSBs 


Repeatability 
±0.25 
LSBs 
1 


Temperature Coefficients: 
Offset 
0.009 
LSBrC 
1 


Full Scale 
0.009 
LSBrC 
1 


Differential Non-Linearity 
0.009 
LSBrC 
1 


Off Isolation 
-60 
dB 
1,2,4 


Feedthrough 
-60 
dB 
1,2 


Vcc Power Supply Rejection 
-60 
dB 
1,2 


Input Resistance 
1K 
5K 
.n 
1 


D.C. Input Leakage 
0 
3.0 
p.A 


Sample Delay 
3Tosc - 50 
3Tosc + 50 
ns 
1,3 


Sample Time 
12Tosc - 50 
12Tosc + 50 
ns 
1 


Sampling Capacitor 
2 
pF 


NOTES: 
• These 
values 
are expected 
for most parts at 25°C . 


•• An "LSS", 
as used here, is defined 
in the glossary 
which 
follows 
and has a value of approximately 
5 mY. 


1. These 
values 
are not tested 
in production 
and are based 
on theoretical 
estimates 
and laboratory 
tests. 
2. DC to 100 KHz. 
3. For starting 
the AID 
with an HSO Command. 


4. Multiplexer 
Sreak-Sefore-Make 
Guaranteed. 


Code 
AID 
Analog 
1/0 
Leads 
Product 
Package' 
Memory 
Inputs 
Pins 


ROMless 
No 
0 
48 
68 
8096BH 
N 


Yes 
4 
32 
48 
8095BH 
P LP 


8 
48. 
68 
8097BH 
A LAN LN 


ROM 
No 
0 
48 
68 
8396BH 
A LA TAN LNTN 


Yes 
4 
32 
48 
8395BH 
P LPTP 


8 
48 
68 
8397BH 
ALA TAN LNTN 


EPROM 
Yes 
4 
32 
48 
8795BH 
CLC 


8 
48 
68 
8797BH 
ALARLR 


'A = Commercial/No 
Burn-In 
68L Ceramic 
F6A 
N = Commercial/No 
Burn-In 
68L PLCC 
C = Commercial/No 
Burn-In 
48L DIP (Ceramic) 
P = Commercial/No 
Burn-In 
48L DIP (Plastic) 


TX = Extended 
Temp/No 
Burn-In 
ax = Commercial/With 
Burn-In 
LX = Extended 
Temp/With 
Burn-In 


inter 
MCS®-96 
809X-90,839X-90 
Express 


• 
Extended 
Temperature 
Range 
(- 40·C to + 8S·C) 


The Intel EXPRESS 
system 
offers 
enhancements 
to the operational 
specifications 
of the MCS~-96 
family of 
microcontrollers. 
These 
EXPRESS 
products 
are designed 
to meet the 
needs 
of those 
applications 
whose 
operating 
requirements 
exceed 
commercial 
standards. 


The EXPRESS 
program 
includes 
the commercial 
standard 
temperature 
range with burn-in, 
and an extended 
temperature 
range with or without 
burn-in. 


With the commercial 
standard 
temperature 
range operational 
characteristics 
are guaranteed 
over the temper- 
ature 
range 
of O·C to 70·C. 
With 
the 
extended 
temperature 
range 
option, 
operational 
characteristics 
are 
guaranteed 
over the range of - 40·C to + 85·C. 


The optional 
burn-in is dynamic, 
for a minimum 
time of 160 hours at 125·C with Vcc 
= 5.5V ±0.5V, 
following 
guidelines 
in MIL-STD-883, 
Method 
1015. 


Package 
types and EXPRESS 
versions 
are identified 
by a one· or two-letter 
prefix to the part number. 
The 
prefixes 
are listed in Table 
1. 


This data sheet specifies 
the parameters 
for the extended 
temperature 
range option. The commercial 
temper- 
ature range data sheets 
are applicable 
otherwise. 


POWER 
FREOUENCY 
VREF 
ANGND 
DOWN 
REFERENCE 
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ROM 
I 
GEN 
8 
(8396): 
I 
I 
I 
I 


HIGH 
SPEED 
I/O 


PORT 3 


] 


ADDR 
DATA 
BUS 


PORT 4 


ELECTRICAL 
CHARACTERISTICS 
ABSOLUTE 
MAXIMUM 
RATINGS· 


Ambient 
Temperature 
Under Bias. 
-40·C 
to + 8S·C 


Storage Temperature 
- 40·C to + 1S0·C 


Voltage 
from Any Pin to 
VSS or ANGND 
-0.3V 
to + 7.0V 


Average 
Output Current from Any Pin 
10 mA 


Power Dissipation 
1.SW 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE- Specifications contained within the 
following tables are subject to change. 


Symbol 
Parameter 
Mln 
Max 
Units 


TA 
Ambient Temperature Under Bias 
-40 
+85 
·C 


Vee 
Digital Supply Voltage 
4.5 
5.5 
V 


VREF 
Analog Supply Voltage 
4.5 
5.5 
V 


fose 
Oscillator Frequency 
6.0 
12 
MHz 


VPD 
Power-Down Supply Voltage 
4.5 
5.5 
V 


NOTE: 
Vss should be connected to ANGND through a 0.01 p.F capacitor. ANGND and Vss should be nominally at the same 
potential. 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


Vil 
Input Low Voltage (Except RESET) 
-0.3 
+0.8 
V 


VIL1 
Input Low Voltage, RESET 
-0.3 
+0.7 
V 


VIH 
Input High Voltage (Except RESET, NMI, XTAL 1) 
2.0 
Vee + 0.5 
V 


VIH1 
Input High Voltage, NMI, XTAL 1, RESET 
2.4 
Vee + 0.5 
V 


Val 
Output Low Voltage 
0.5 
V 
(Note 1) 


VOH 
Output High Voltage 
2.4 
V 
(Note 2) 


Ice 
Vee Supply Current 
200 
mA 
All Outputs 
Disconnected 


IpD 
VPDSupply Current 
1 
mA 
Normal Operation 
and Power-Down 


IREF 
VREFSupply Current 
10 
mA 


III 
Input Leakage Current to All Pins of HSI, PO,P3, 
±10 
,...A 
Vin = OtoVee 
P4, and to P2.1 


IIH 
Input High Current to EA 
100 
,...A 
VIH = 2.4V 


III 
Input Low Current to All Pins of P1, and to P2.6, 
-100 
,...A 
Vil = 0.45V 
P2.7 


IIl1 
Input Low Current to RESET 
-2 
mA 
Vil = 0.45V 


11L2 
Input Low Current P2.2, P2.3, P2.4, READY 
-50 
p.A 
Vil = 0.45V 


Cs 
Pin Capacitance (Any Pin to Vss) 
10 
pF 
fTEST = 1 MHz 


NOTES: 
1. IOl = 0.4 mA for all pins of P1, for P2.6 and P2.7, and for ~ins 
of P3 and P4 when used as ports. IOl = 2.0 mA for 
TXD, RSD (in serial port mode 0), PWM, CLKOUT, ALE, SHE, RD, WR, and all pins of HSO and P3 and P4 when used as 
external memory bus (ADO-AD15). 
2. IOH = 
-20 J!:~_h~.':...!11pins of P1, for P2.6 and P2.7. IOH = 
-200 
p.A for TXD, RXD (in serial port mode 0), PWM, 


CLKOUT, ALE, SHE, WR, and all pins of HSO and P3 and P4 when used as external memory bus (ADO-AD15). P3 and P4, 
when used as ports, have open-drain outputs. 


inter 


Resolution 
± 0.001 VREF 


Accuracy 
± 0.004 VREF 


Differential 
nonlinearity 
±0.002 
VREF max 


Integral nonlinearity 
±0.004 
VREF max 


AID 
Converter 
operation 
is verified 
only 
on 
the 
8097, 8397, 809S, 839S. 


The absolute 
conversion 
accuracy 
is dependent 
on 


the accuracy 
of VREF. The specifications 
given be- 


low assume 
adherence 
to the Operating 
Conditions 


section 
of these 
data 
sheets. 
Testing 
is done 
at 


VREF = S.120V. 


A.C. 
CHARACTERISTICS 
Vcc, VPD = 4.SVtoS.SV, 
TA = -40·Cto 
+ 8S·C; fosc = 6.0 MHzto 
12.0 MHz 
Test Conditions: 
Load capacitance 
on output 
pins = 80 pF 
Oscillator 
Frequency 
= 12.00 MHz 


Symbol 
Parameter 
Mln 
Max 
Units 


TCLYX 
READY Hold after CLKOUT Falling Edge 
o (Note 1) 
ns 


TLLYV 
End of ALE to READY Setup 
-Tosc 
2Tosc - 
60 
ns 


TLLYH 
End of ALE to READY High 
2Tosc + 60 
4Tosc - 
60 (Note 2) 
ns 


TYLYH 
Non-Ready Time 
1000 
ns 


TAVDV 
Adcjress Valid to Input Data Valid 
5Tosc - 
90 
ns 


TRLDV 
RD Active to Input Data Valid 
3Tosc - 
60 
ns 


TRXDX 
Data Hold after RD Inactive (Note 3) 
0 
ns 


TRXDZ 
RD Inactive to Input Data Float (Note 3) 
Tosc - 
20 
ns 


Symbol 
Parameter 
Mln 
Max 
Units 


FXTAL 
Oscillator Frequency 
6.00 
12.00 
MHz 


Tosc 
Oscillator Period 
83 
166 
ns 


TCHCH 
CLKOUT Period (Note 3) 
3Tosc (Note 4) 
3Tosc (Note 4) 
ns 


TCHCL 
CLKOUT High Time 
Tosc - 
20 
Tosc + 20 
ns 


TCLLH 
CLKOUT Low to ALE High 
-10 
30 
ns 


TLLCH 
ALE Low to CLKOUT High 
Tosc - 
20 
Tosc + 40 
ns 


TLHLL 
ALE Pulse Width 
Tosc - 
25 
Tosc + 20 
ns 


TAVLL 
Address Setup to End of ALE 
Tosc - 
50 
ns 


TLLRL 
End of ALE to RD or WR Active 
Tosc - 
20 
ns 


TLLAX 
Address Hold after End of ALE 
Tosc - 
20 
ns 


TWLWH 
WR Pulse Width 
2Tosc - 
35 
ns 


TaVWX 
Output Data Setup to End of WR 
2Tosc - 
60 
ns 


TWXaX 
Output Data Hold after End of WR 
Tosc - 
25 
ns 


TWXLH 
End of WR to Next ALE 
2Tosc - 
30 
ns 


TRLRH 
RD Pulse Width 
3Tosc - 
30 
ns 


TRHLH 
End of RD to Next ALE 
Tosc - 
30 
ns 


NOTES: 
1. If the 48-pin part is being used then this timing can be generated by assuming that the CLKOUT falling edge has occurred 
at 2Tosc + 60 (TLLCH(max) + TCHCL(max» after the falling edge of ALE. 
2. If more than one wait state is desired, add 3Tosc for each additional wait state. 
3. This specification is not tested, but is verified by design analysis and/or derived from other tested parameters. 
4. CLKOUT is directly generated as a divide by 3 of the oscillator. The period will be 3Tosc ± 10 ns if Tosc is constant and 
the rise and fall times on XTAL 1 are less than 10 ns. 
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Prefix 
Package 
Type 
Temperature 
Range 
Burn-In 


A 
Ceramic 
PGA-68L 
Commercial 
No 


N 
PLCC-68L 
Commercial 
No 


C 
Ceramic 
DIP-48L 
Commercial 
, 
No 


TA 
Ceramic 
PGA-68L 
Extended 
No 


TN 
PLCC-68L 
Extended 
No 


TC 
Ceramic 
DIP-48L 
Extended 
r 
No 


QA 
Ceramic 
PGA-68L 
Commercial 
Yes 


QN 
PLCC-68L 
I. 
Commercial 


- 


Yes 


QC 
Ceramic 
DIP-48L 
Commercial 
Yes 


LA 
Ceramic 
PGA-68L 
Extended 
Yes 


LN 
PLCC-68L 
Extended 
Yes 


LC 
Ceramic 
DIP-48L 
~ 
Extended 
Yes 


EXAMPLES: 
A8097-90 
indicates 
an 8097-90 
in a ceramic 
pin grid array package 
specified 
for commercial 
temperature 
without 
burn-in. 


LC8095-90 
indicates 
an 8095-90 
in a ceramic 
DIP package 
specified 
for extended 
temperature 
range with burn-in. 
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80C196KB 
16-BIT HIGH PERFORMANCE CHMOS 
MICROCONTROLLER 


• 
232 Byte Register 
File 


• 
Register·to·Reglster 
Architecture 


• 
28 Interrupt 
Sources/16 
Vectors 


• 
2.3 J1-s16 x 16 Multiply (12 MHz) 


• 
4.0 J1-s32/16 
Divide (12 MHz) 


• 
Powerdown 
and Idle Modes 


• 
Five 8-Bit I/O Ports 


• 
16·Bit Watchdog 
Timer 


• 
Dynamically 
Conflgurable 
8-Blt or 
16·Blt Buswldth 


• 
Full Duplex Serial Port 


• 
High Speed 
I/O Subsystem 


• 
16-Bit Timer 


• 
16·Bit Up/Down 
Counter 
with Capture 


• 
Pulse-Width-Modulated 
Output 


• 
Four 16·Blt Software 
Timers 


• 
10·Bit A/D 
Converter 
with S/H 


• 
HOLD/HLDA 
Bus Protocol 


• 
12 MHz Version 
- 
80C196KB12 
10 MHz Version 
- 
80C196KB10 


The 80C196KB 
16-bit microcontroller 
is a high performance 
member 
of the MCSIftl-96 microcontroller 
family. 


The 80C196KB 
is pin-for-pin 
compatible 
and uses a true superset 
of the 8096 instructions. 
Intel's 
CHMOS 
process 
provides 
a high performance 
processor 
along with low power consumption. 
To further 
reduce 
power 
requirements, 
the processor 
can be placed 
into Idle or Powerdown 
Mode. 


Bit, byte, word and some 32-bit operations 
are available 
on the 80C196KB. 
With a 12 MHz oscillator 
a 16-bit 
addition 
takes 0.66 IJos,and the instruction 
times average 
0.5 IJosto 1.5 IJosin typical 
applications. 


Four high-speed 
capture 
inputs are provided 
to record 
times when events 
occur. 
Six high-speed 
outputs 
are 
available 
for pulse or waveform 
generation. 
The high-speed 
output 
can also generate 
four software 
timers or 
start an A/D 
conversion. 
Events can be based on the timer or up/down 
counter. 


Also provided 
on-chip 
are an AID converter, 
serial port, watchdog 
timer, and a pulse-width-modulated 
output 
signal. 


The 80C196KB is a member of the MCS@-96family, and as such has the same architecture and uses the 
same instruction set as the 8096. Many new features have been added on the 80C196KB including: 


PUSHA - 
PUSHes the PSW, IMASK, IMASK1, and WSA 
(Used instead of PUSHF when new interrupts and registers are used.) 


assembly language format: PUSHA 
object code format: <11110100> 
bytes: 1 
states: on-chip stack: 12 
off-chip stack: 18 


POPA 
- 
POPs the PSW, IMASK, IMASK1, and WSA 
(Used instead of POPF when new interrupts and registers are used.) 


assembly language format: POPA 
object code format: <11110101 > 
bytes: 1 
states: on-chip stack: 12 
off-chip stack:18 


IDLPD 
- 
Sets the part into Idle or Powerdown Mode 


assembly language format: IDLPD # key (key= 1 for Idle, key= 2 for Powerdown.) 
object code format: < 11110110> <key> 
bytes: 2 
states: legal key: 8 
illegal key: 25 


DJNZW· - 
Decrement Jump Not Zero using a Word counter 


assembly language format: DJNZW wreg, cadd 
object code format: < 11100001> <wreg> <disp> 
bytes: 3 
states: jump not taken: 6 
jump taken: 10 


CMPL 
- 
Compare 2 long direct values 
assembly language format: 
DST SAC 
CMPL 
Lreg, Lreg 
object code format: <11000101> <src Lreg> <dst Lreg> 
bytes: 
3 
states: 7 


BMOV 
- 
Block move using 2 auto-incrementing pointers and a counter 
assembly language format: 
PTAS CNTAEG 
BMOV 
Lreg, wreg 
object code format: < 11000001> < wreg> < Lreg> 
bytes: 3 


states: 
internal/internal: 
8 per transfer + 6 
external/internal: 
11 per transfer + 6 
external/ external: 14 per transfer + 6 


All of the registers 
that were present 
on the 8096 work the same way as they did, except 
that the baud rate 
value is different. 
The new registers 
shown in the memory 
map control 
new functions. 
The most important 
new 
register 
is the Window 
Select 
Register 
(WSR) which 
allows 
reading 
of the formerly 
write-only 
registers 
and 
vice-versa. 
Using the WSR is described 
later in this data sheet. 


The 80C196KB 
is available 
in a 68-pin PLCC package. 
Contact 
your local sales office to determine 
the exact 
ordering 
code for the part desired. 


PLCC 
Description 
PLCC 
Description 
PLCC 
Description 


9 
ACH7/PO.7 
54 
AD6/P3.6 
31 
P1.6/HLDA 
8 
ACH6/PO.6 
53 
AD7/P3.7 
30 
P1.5/BREQ 
7 
ACH2/PO.2 
52 
AD8/P4.0 
29 
HSO.1 


6 
ACHO/PO.O 
51 
AD9/P4.1 
28 
HSO.O 
5 
ACH1/PO.1 
50 
AD10/P4.2 
27 
HSO.5/HSI.3 


4 
ACH3/PO.3 
49 
AD11/P4.3 
26 
HSO.4/HSI.2 


3 
NMI 
48 
AD12/P4.4 
25 
HSI.1 


2 
EA 
47 
AD13/P4.5 
24 
HSI.O 


1 
Vcc 
46 
AD14/P4.6 
23 
P1.4 


68 
Vss 
45 
AD15/P4.7 
22 
P1.3 


67 
XTAL1 
44 
T2CLK/P2.3 
21 
P1.2 


66 
XTAL2 
43 
READY 
20 
P1.1 


65 
CLKOUT 
42 
T2RST /P2.4/ AINC 
19 
P1.0 


64 
BUSWIDTH 
41 
BHE/WRH 
18 
TXD/P2.0 
63 
INST 
40 
WR/WRL 
17 
RXD/P2.1 
62 
ALE/ADV 
39 
PWM/P2.5 
16 
RESET 


61 
RD 
38 
P2.7/T2CAPTURE/PACT 
15 
EXTINT /P2.2 


60 
ADO/P3.0 
37 
Vpp 
14 
CDE(1) 


59 
AD1/P3.1 
36 
Vss 
13 
VREF 


58 
AD2/P3.2 
35 
HSO.3/SID3 
12 
ANGND 
57 
AD3/P3.3 
34 
HSO.2/SID2 
11 
ACH4/PO.4 
56 
AD4/P3.4 
33 
P2.6/T2UP-DN 
10 
ACH5/PO.5 
55 
AD5/P3.5 
32 
P1.7/HOLD 


NOTE: 
1. The CDE function 
is not guaranteed 
to wor~. To ensure 
proper 80C196KB operation, 
the pin must be grounded. 
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.CH5/PO.5 


ACH4/PO.04 


AHGND 


VREF" 
cor 
EXnNT/P2.2 


RE5ET 
RXO/P2., 
TXO/P2.0 


PloD 


PL1 


P1.2 


P1.3 


P1.4 


H510 


HSI1 


H512/H50' 


.00/P3.0 
.01/P3.1 


.02/P3.2 
.03/P3.3 


.0./P3 
.• 
.05/P3.5 
.06/P3.6 
.07/P3.7 


A08/P4.0 
.09/P'.1 
.010/P'.2 
.011/P'.3 
.012/P •.• 
.013/P •. 5 


A014/P4.6 


A015/P4.7 
T2CLK/P2.3 


Symbol 
Name and Function 


Vcc 
Main supply voltage 
(5V). 


Vss 
Digital circuit ground (OV). There are two VSS pins, both of which must be connected. 


CDE(l) 
Clock Detect Enable - When pulled high enables the clock failure detection 
circuit. If the 
XTAl1 
frequency 
falls below a specified 
limit the RESET pin will be pulled low. 


VREF 
Reference 
voltage 
for the AID converter 
(5V). VREF is also the supply voltage to the analog 
portion of the AID converter 
and the logic used to read Port O. Must be connected 
for AID 
and Port 0 to function. 


ANGND 
Reference 
ground for the AID converter. 
Must be held at nominally 
the same potential 
as 
Vss· 
Vpp 
Timing pin for the return from powerdown 
circuit. Connect 
this pin with a 1 IJ-F capacitor 
to 
Vss and a 1 Mfi resistor to Vcc. If this function 
is not used Vpp may be tied to Vcc. This pin 
was VBB on the 8X9X-90 
parts and is the programming 
voltage 
on EPROM part. 


XTAl1 
Input of the oscillator 
inverter and of the internal clock generator. 


XTAl2 
Output of the oscillator 
inverter. 


ClKOUT 
Output of the internal clock generator. 
The frequency 
of ClKOUT 
is % the oscillator 
frequency. 
It has a 50% duty cycle. 


RESET 
Reset input to the chip. Input low for at least 4 state times to reset the chip. The subsequent 
low-to-high 
transition 
re- synchronizes 
ClKOUT 
and commences 
a 1O-state-time 
sequence 
in 


which the PSW is cleared, a byte read from 2018H loads CCR, and a jump to location 
2080H 
is executed. 
Input high for normal operation. 
RESET has an internal 
pullup. 


BUSWIDTH 
Input for buswidth 
selection. 
If CCR bit 1 is a one, this pin selects the bus width for the bus 


cycle in progress. 
If BUSWIDTH 
is a 1, a 16-bit bus cycle occurs. 
If BUSWIDTH 
is a 0 an 8-bit 
cycle occurs. 
If CCR bit 1 is a 0, the bus is always an 8-bit bus. This pin is the TEST pin on 
8X9X-90 
parts. Systems with TEST tied to Vcc do not need to change. 


Symbol 
Name and Function 


NMI 
A positive transition 
causes a vector through 
203EH. 


INST 
Output high during an external 
memory read indicates 
the read is an instruction 
fetch. INST is 
valid throughout 
the bus cycle. INST is activated 
only during external 
memory accesses 
and 
output low for a data fetch. 


EA 
Input for memory select (External Access). 
EA equal to a TTL-high 
causes memory accesses 
to locations 
2000H through 3FFFH to be directed to on-chip 
ROM/EPROM. 
EA equal to a 
TTL-Iow causes accesses 
to these locations 
to be directed 
to off-chip 
memory. 


ALE/ADV 
Address 
Latch Enable or Address 
Valid output, as selected 
by CCR. Both pin options 
provide 
a latch to demultiplex 
the address from the address/data 
bus. When the pin is ADV, it goes 
inactive high at the end of the bus cycle. ADV can be used as a chip select for external 
memory. ALE/ ADV is activated 
only during external 
memory accesses. 


RD 
Read signal output to external 
memory. 
RD is activated 
only during external 
memory reads. 


WR/WRL 
Write and Write Low output to external 
memory, as selected 
by the CCR. WR will go low for 


every external write, while WRL will go low only for external 
writes where an even byte is 
being written. WR/WRL 
is activated 
only during external 
memory writes. 


BHE/WRH 
Bus High Enable or Write High output to external 
memory, 
as selected 
by the CCR. BHE = 0 
selects the bank of memory that is connected 
to the high byte of the data bus. AO = 0 
selects the bank of memory that is connected 
to the low byte of the data bus. Thus accesses 
to a 16-bit wide memory can be to the low byte only (AO = O. BHE = 1), to the high byte only 
(AO = 1, BHE = 0), or both bytes (AO = 0, BHE = 0). If the WRH function 
is selected, 
the 
pin will go low if the bus cycle is writing to an odd memory location. 
BHE/WRH 
is valid only 
during 16-bit external 
memory write cycles. 


READY 
Ready input to lengthen 
external 
memory cycles, for interfacing 
to slow or dynamic 
memory, 


or for bus sharing. If the pin is high, CPU operation 
continues 
in a normal manner. 
If the pin is 


low prior to the falling edge of CLKOUT, 
the memory controller 
goes into a wait mode until the 
next positive transition 
in CLKOUT 
occurs with READY high. When the external 
memory is 
not being used, READY has no effect. 
Internal control 
of the number of wait states inserted 
into a bus cycle held not ready is available 
through configuration 
of CCR. 


HSI 
Inputs to High Speed Input Unit. Four HSI pins are available: 
HSI.O, HSI.1, HSI.2, and HSI.3. 


Two of them (HSI.2 and HSI.3) are shared with the HSO Unit. The HSI pins are also used as 
the SID in Slave Programming 
Mode. 


HSO 
Outputs from High Speed Output Unit. Six HSO pins are available: 
HSO.O, HSO.1, HSO.2, 


HSO.3, HSO.4, and HSO.5. Two of them (HSO.4 and HSO.5) are shared with the HSI Unit. 


Port 0 
8-bit high impedance 
input-only 
port. Three pins can be used as digital inputs and/or 
as 
analog inputs to the on-chip AID converter. 
These pins set the Programming 
Mode. 


Port 1 
8-bit quasi-bidirectional 
I/O port. 


Port 2 
8-bit multi-functional 
port. All of its pins are shared with other functions 
in the 80C196KB. 


Ports 3 and 4 
8-bit bi-directional 
I/O ports with open drain outputs. These pins are shared with the 


multiplexed 
address/data 
bus which has strong internal 
pullups. Available 
only on future 
ROM and EPROM parts. 


HOLD 
Bus Hold input requesting 
control 
of the bus. Enabled by setting WSR.7. 


HLDA 
Bus Hold acknowledge 
output indicating 
release of the bus. Enabled by setting WSR.7. 


BREQ 
Bus Request 
output activated 
when the bus controller 
has a pending external 
memory 
cycle. 


Enabled by setting WSR.7. 


NOTE: 
1. The CDE function 
is not guaranteed 
to work. To ensure 
proper 
80C196KB 
operation, 
the pin must be grounded. 


. 
- 


Mnemonic 
Operands 
Operation 
(Note 
1) 
Flags 
Notes 
Z 
N 
C 
V 
VT 
ST 


ADD/ADDB 
2 
D-D+A 
.' 
V' 
V' 
V' 
V' t 
- 


ADD/ADDB 
3 
D-B+A 
V' 
V' 
V' 
V' t 
- 


ADDC/ADDCB 
2 
D-D+A+C 
, 
J, 
V' 
V' 
V' t 
- 


SUB/SUBB 
2 
D-D-A 
V' 
V' 
V' 
V' t 
- 


SUB/SUBB 
3 
D-B-A 
V' 
V' 
V' 
V' t 
- 


SUBC/SUBCB 
2 
D-D-A+C-1 
! 
J, 
V' 
V' 
V' t 
- 


CMP/CMPB 
2 
D-A 
i 
V' 
V' 
V' 
V' t 
- 


MUL/MULU 
2 
D,D + 2 - 
D x A 
! 
- 
- 
- 
- 
- 
- 
2 


MULIMULU 
3 
D,D + 2 - 
B x A 
- 
- 
- 
- 
- 
- 
2 


MULB/MULUB 
2 
D,D + 1 - 
D x A 
- 
- 
- 
- 
- 
- 
3 


MULB/MULUB 
3 
D,D + 1 - 
B x A 
- 
- 
- 
- 
- 
- 
3 


DIVU 
2 
D - 
(D,D + 2) / A,D f 2 - 
remainder 
- 
- - 
V' t 
- 
2 


DIVUB 
2 
D - 
(D,D + 1) /A,D + 1 - 
remainder 
- 
- 
- 
V' t 
- 
3 


DIV 
2 
D - 
(D,D + 2) / A,D + 2 - 
remainder 
- 
- 
- 
V' t 
- 


DIVB 
2 
D - 
(D,D + 1) /A,D + 1 - 
remainder 
- 
- 
- 
V' t 
- 


AND/ANDB 
2 
D - 
DANDA 
V' 
V' 
0 
0 
- 
- 


AND/ANDB 
3 
D - 
BANDA 
V' 
V' 
0 
0 
- 
- 


OR/ORB 
2 
D - 
DORA 
; 
V' 
V' 
0 
0 
- 
- 


XOR/XORB 
2 
D - 
D (ecx!. or) A 
. 
V' 
V' 
0 
0 
- 
- 


LD/LDB 
2 
D-A 
- 
- 
- 
- 
- 
- 


ST/STB 
2 
A-D 
- 
- 
- 
- 
- 
- 


LDBSE 
2 
D-A;D+1 
- 
SIGN(A) 
- 
- - 
- 
- 
- 
3,4 


LDBZE 
2 
D - 
A;D + 1 -0 
- 
- - 
- 
- 
- 
3,4 


PUSH 
1 
SP - 
SP - 2; (SP) - 
A 
- 
- 
- 
- 
- 
- 


POP 
1 
A - 
(SP);SP + 2 
- 
- 
- 
- 
- 
- 


PUSHF 
0 
SP - 
SP - 2; (SP) - 
PSW; 
0 
0 
0 
0 
0 
0 
PSW - 
OOOOH;I - 
0 
POPF 
0 
PSW - 
(SP); SP - 
SP + 2; I - 
V' 
V' 
V' 
V' 
V' 
V' 
V' 


SJMP 
1 
PC - 
PC + 11·bit offset 
- 
- 
- 
- - 
- 
5 


LJMP 
1 
PC - 
PC + 16·bit offset 
. 
- 
- - 
- 
- 
- 
5 


BR!indirect) 
1 
PC- 
(A) 
- 
- 
- - - 
- 


SCALL 
1 
SP - 
SP - 2; 
- - 
- 
- - - 
5 
(SP) - 
PC; PC - 
PC + 11·bit offset 


LCALL 
1 
SP - 
SP - 2; (SP) - 
PC; 
- 
- 
- 
- 
- 
- 
5 
PC - 
PC + 16·bit offset 


inter 


Mnemonic 
Operands 
Operation 
(Note 
1) 
Flags 
Notes 
Z 
N 
C 
V 
VT 
ST 


RET 
0 
PC - 
(SP); SP - 
SP + 2 
- 
- 
- 
- 
- - 


J (conditional) 
1 
PC - 
PC + 8-bit offset (if taken) 
- 
- 
- 
- 
- 
- 
5 


JC 
1 
Jump if C = 1 
- 
- 
- 
- 
- - 
5 


JNC 
1 
jumpifC 
= 0 
- 
- 
- 
- 
- 
- 
5 


JE 
1 
jump if Z = 1 
- 
- 
- 
- 
- 
- 
5 


JNE 
1 
Jump ifZ = 0 
- 
- 
- 
- 
- 
- 
5 


JGE 
1 
Jump if N = 0 
- 
- 
- 
- 
- 
- 
5 


JLT 
1 
Jump if N = 1 
- 
- 
- 
- 
- 
- 
5 


JGT 
1 
Jump if N = 0 and Z = 0 
- 
- - - 
- 
- 
5 


JLE 
1 
Jump if N = 1 or Z = 1 
- 
- - - 
- - 
5 


JH 
1 
Jump if C = 1 and Z = 0 
- 
- 
- 
- 
- 
- 
5 


JNH 
1 
Jump if C = 0 or Z = 1 
- 
- - - 
- 
- 
5 


JV 
1 
Jump if V = 0 
- 
- 
- 
- 
- 
- 
5 


JNV 
1 
Jump if V = 1 
- 
- 
- 
- 
- 
- 
5 


JVT 
1 
Jump if VT = 1; Clear VT 
- 
- 
- 
- 
0 
- 
5 


JNVT 
1 
Jump if VT = 0; Clear VT 
- 
- 
- 
- 
0 
- 
5 


JST 
1 
Jump if ST = 1 
- 
- 
- 
- 
- 
- 
5 


JNST 
1 
Jump ifST = 0 
- 
- 
- 
- - 
- 
5 


JBS 
3 
Jump if Specified 
Bit = 1 
- 
- 
- 
- 
- 
- 
5,6 


JBC 
3 
Jump if Specified 
Bit = 0 
- 
- 
- 
- 
- 
- 
5,6 


OJNZI 
1 
0- 
0 -1; 
- 
- - 
- 
- 
- 
5 
OJNZW 
If 0 *" 0 then PC - 
PC + 8-bit offset 
10 


OEC/OECB 
1 
0-0-1 
." 
." 
." 
." i 
- 


NEGINEGB 


! 
1 
0-0-0 
." 
." 
." 
." i 
- 


INC/INCB 
1 
0-0+1 
." 
." 
." 
." i 
- 


EXT 
1 
o - 
0; 0 + 2 - 
Sign (D) 
." 
." 
0 
0 
- 
- 
2 


EXTB 
1 
o - 
0; 0 + 1 - 
Sign (D) 
." 
." 
0 
0 
- 
- 
3 


NOTINOTB 
1 
o - 
Logical Not (D) 
." 
." 
0 
0 
- 
- 


CLR/CLRB 
1 
0-0 
1 
0 
0 
0 
- 
- 


SHLlSHLB/SHLL 
2 
C - 
msb-----Isb 
- 
0 
." 
." 
." 
." i 
- 
7 


SHRISHRB/SHRL 
2 
o -+ msb - - - - - 19b -+ C 
." 
." 
." 
0 
- 
." 


7 


SHRAISHRAB/SHRAL 
2 
msb -+ msb - - - - - 19b -+ C 
." 
." 
." 
0 
- 
." 


7 


SETC 
0 
C-1 
- 
- 
1 
- 
- 
- 


CLRC 
0 
C-O 
- 
- 
0 
- 
- 
- 


Mnemonic 
Operands 
Operation 
(Note 
1) 
Flags 
Notes 
Z 
N 
C 
V 
VT 
ST 


CLRVT 
0 
VT 
- 
0 
- 
- 
- 
- 
0 
- 


RST 
0 
PC - 
2080H 
0 
0 
0 
0 
0 
0 
8 


01 
0 
Disable Allinterupts 
(I - 
0) 
- 
- 
- 
- 
- 
- 


EI 
0 
Enable Allinterupts 
(I - 
1) 
- 
- 
- 
- 
- 
- 


NOP 
0 
PC-PC+1 
- 
- 
- 
- 
- 
- 


SKIP 
0 
PC-PC+2 
- 
- 
- 
- 
- 
- 


NORML 
2 
Left shift till msb = 1; 0 
- 
shift count 
v 
v 
0 
- 
- 
- 
7 


TRAP 
0 
SP - 
SP - 
2; 
- 
- 
- 
- 
- 
- 
9 


(SP) 
- 
PC; PC - 
(2010H) 


PUSHA 
1 
SP - 
SP-2; (SP) 
- 
PSW; 
0 
0 
0 
0 
0 
0 


PSW 
- 
OOOOH;SP - 
SP-2; 
(SP) - 
IMASK1 IWSR; 
IMASK1 
- 
OOH 


POPA 
1 
IMASK1/WSR 
- 
(SP); SP - 
SP+2 
v 
v 
v 
v 
v 
v 


PSW 
- 
(SP);SP 
- 
SP+2 


IDLPD 
1 
IDLE MODE IF KEY = 1; 
- 
- 
- 
- 
- 
- 


POWER DOWN MODE IF KEY = 2; 
CHIP RESET OTHERWISE 


CMPL 
2 
D-A 
v 
v 
v 
v 
t 
- 


BMOV 
2 
[PTR_HI) 
+ 
- 
[PTR_LOWl 
+ ; 
- 
- 
- 
- 
- 
- 
UNTIL COUNT = 0 


NOTES: 
1. If the 
mnemonic 
ends 
in "B" 
a byte 
operation 
is performed, 
otherwise 
a word 
operation 
is done. 
Operands 
is done. 


Operands 
D, B, and A must conform 
to the alignment 
rules for the required 
operand 
type. 
D and B are locations 
in the 
Register 
File; A can be located 
anywhere 
in memory. 
2. D,D + 2 are consecutive 
WORDS 
in memory; 
D is DOUBLE-WORD 
aligned. 


3. D,D + 1 are consecutive 
BYTES 
in memory; 
D is WORD 
aligned. 
4. Changes 
a byte to word. 


5. Offset 
is a 2's complement 
number. 


6. Specified 
bit is one of the 2048 
bits in the register 
file. 
7. The "L" 
(Long) 
suffix indicates 
double-word 
operation. 
8. Initiates 
a Reset by pulling RESET low. Software 
should 
re-initialize 
all the necessary 
registers 
with code starting 
at 2080H. 
9. The assembler 
will not accept 
this mnemonic. 
10. The DJNZW 
instruction 
is not guaranteed 
to work. 
See Functional 
Deviations 
section. 


MNEMONIC 
DIRECT 
IMMED 
INDIRECT 
INDEXED 


NORMAL" 
A-INC" 
SHORT" 
LONG" 


ADD (3-op) 
5 
6 
7/10 
8/11 
7/10 
8/11 
SUB (3-op) 
5 
6 
7/10 
8/11 
7/10 
8/11 


ADD (2-op) 
4 
5 
6/8 
7/9 
6/8 
7/9 


SUB (2-op) 
4 
5 
6/8 
7/9 
6/8 
7/9 


AD DC 
4 
5 
6/8 
7/9 
6/8 
7/9 


SUBC 
4 
5 
6/8 
7/9 
6/8 
7/9 


CMP 
4 
5 
6/8 
7/9 
6/8 
7/9 


ADDB (3-op) 
5 
5 
7/10 
8/11 
7/10 
8/11 


SUBB (3-op) 
5 
5 
7/10 
8/11 
7/10 
8/11 
ADDB (2-op) 
4 
4 
6/8 
7/9 
6/8 
7/9 
SUBB (2-op) 
4 
4 
6/8 
7/9 
6/8 
7/9 
ADDCB 
4 
4 
6/8 
7/9 
6/8 
7/9 


SUBCB 
4 
4 
6/8 
7/9 
6/8 
7/9 
CMPB 
4 
4 
6/8 
7/9 
6/8 
7/9 


MUL (3-op) 
16 
17 
18/21 
19/22 
19/22 
20/23 
MULU (3-op) 
1 
14 
15 
16/19 
17/19 
17/20 
18/21 
MUL (2-op) 
16 
17 
18/21 
19/22 
19/22 
20/23 
MULU (2-op) 
I 
14 
15 
16/19 
17/19 
17/20 
18/21 
DIV 
26 
27 
28/31 
29/32 
29/32 
30/33 
DIVU 
24 
25 
26/29 
27/30 
27/30 
28/31 
MULB (3-op) 
12 
12 
14/17 
15/18 
15/18 
16/19 
MULUB (3-op) 
10 
10 
12/15 
13/15 
12/16 
14/17 
MULB (2-op) 
12 
12 
14/17 
15/18 
15/18 
16/19 
MULUB (2-op) 
10 
10 
12/15 
13/15 
12/16 
14/17 
DIVB 
18 
18 
20/23 
21/24 
21/24 
22/25 
DIVUB 
16 
16 
18/21 
19/22 
19/22 
20/23 


AND (3-op) 
5 
6 
7/10 
8/11 
7/10 
8/11 
AND (2-op) 
4 
5 
6/8 
7/9 
6/8 
7/9 
OR (2-op) 
4 
5 
6/8 
7/9 
6/8 
7/9 
XOR 
4 
5 
6/8 
7/9 
6/8 
7/9 
ANDB (3-op) 
5 
5 
7/10 
8/11 
7/10 
8/11 
ANDB (2-op) 
4 
4 
6/8 
7/9 
6/8 
7/9 
ORB (2-op) 
4 
4 
6/8 
7/9 
6/8 
7/9 
XORB 
4 
4 
6/8 
7/9 
6/8 
7/9 


LD/LDB 
4 
5 
5/8 
6/8 
6/9 
7/10 
ST/STB 
4 
5 
5/8 
6/9 
6/9 
7/10 
LDBSE 
4 
4 
5/8 
6/8 
6/9 
7/10 
LDBZE 
4 
4 
5/8 
6/8 
6/9 
7/10 


BMOV 
6+ 8 per word 
6 + 11/14 per word 


PUSH (int stack) 
6 
7 
9/12 
10/13 
10/13 
11/14 
POP (int stack) 
8 
- 
10/12 
11/13 
11/13 
12/14 
PUSH (ext stack) 
8 
9 
11/14 
12/15 
12/15 
13/16 
POP (ext stack) 
11 
- 
13/15 
14/16 
14/16 
15/17 


"Times for (Internal/External) Operands 


NOTE: 
1. Execution times for instructions accessing external data memory may be one to two states higher depending on the 
instruction stream being executed. In sixteen bit mode. the minimum execution state times apply for instructions accessing 
internal register space. Execution times do not reflect eight bit mode or insertion of wait states. 


MNEMONIC 
MNEMONIC 


PUSHF (int stack) 
6 
PUSHF (ext stack) 
8 


POPF (int stack) 
7 
POPF (ext stack) 
10 


PUSHA (int stack) 
12 
PUSHA (ext stack) 
18 


POPA (int stack) 
12 
POPA (ext stack) 
18 


TRAP (int stack) 
16 
TRAP (ext stack) 
18 


LCALL (int stack) 
11 
LCALL (ext stack) 
13 


SCALL (int stack) 
11 
SCALL (ext stack) 
13 


RET (int stack) 
11 
RET (ext stack) 
14 


CMPL 
7 
DEC/DECB 
3 


CLR/CLRB 
3 
EXT/EXTB 
4 


NOTINOTB 
3 
INC/INCB 
3 


NEG/NEGB 
3 


LJMP 
7 
SJMP 
7 
BR [indirect] 
7 
JNST, JST 
4/8 jump not taken/jump 
taken 
JNH, JH 
4/8 jump not taken/jump 
taken 
JGT, JLE 
4/8 jump not taken/jump 
taken 
JNC, JC 
4/8 jump not taken/jump 
taken 
JNVT, JVT 
4/8 jump not taken/jump 
taken 
JNV, JV 
4/8 jump not taken/jump 
taken 
JGE, JLT 
4/8 jump not taken/jump 
taken 
JNE, JE 
4/8 jump not taken/jump 
taken 
JBC, JBS 
5/9 jump not taken/jump 
taken 


DJNZ 
5/9 jump not taken/jump 
taken 
DJNZW 
(Note 1) 
5/9 jump not taken/jump 
taken 


NORML 
8 + 1 per shift (9 for 0 shift) 
SHRL 
7 + 1 per shift (8 for 0 shift) 
SHLL 
7 + 1 per shift (8 for 0 shift) 
SHRAL 
7 + 1 per shift (8 for 0 shift) 
SHR/SHRB 
6 + 1 per shift (7 for 0 shift) 
SHL/SHLB 
6 + 1 per shift (7 for 0 shift) 
SHRAISHRAB 
6 + 1 per shift (7 for 0 shift) 
, 


CLRC 
2 
SETC 
2 
DI 
2 
EI 
2 
CLRVT 
2 
NOP 
2 
RST 
15 (includes fetch of configuration 
byte) 
SKIP 
3 
IDLPD 
8/25 
(proper key/improper 
key) 


NOTE: 
1. The DJNZW 
instruction 
is not guaranteed 
to work. 
See Functional 
Deviations 
section. 


EXTERNAL MEMORY OR 1/0 


INTERNAL ROM IE PROM OR 
EXTERNAL MEMORY 


RESERVED 


UPPER 8 INTERRUPT VECTORS 


ROM IE PROM SECURITY KEY' 


RESERVED 


CHIP CONFIGURATION 
BYTE 


RESERVED 


LOWER 8 INTERRUPT VECTORS 
PLUS 2 SPECIAL INTERRUPTS 


PORT 3 AND PORT 4 


EXTERNAL MEMORY OR 1/0 


INTERNAL DATA MEMORY - REGISTER FILE 
(STACK POINTER. RAM AND SFRS) 
EXTERNAL PROGRAM CODE MEMORY 


STACK POINTER 


'IOS2 


10Sl 


10SO 


'WSR 


'INT-MASK1 


'INT 
PEND 1 


'SP 
STAT 


PORT2 


PORT1 


PORTO 


TIMER2 (HI) 


TIMER2(LO) 


TIMER1 (HI) 


TIMER1 (LO) 


INT 
PENDING 


INT_MASK 


SBUF(RX) 


HSI 
STATUS 


HSI 
TIME (HI) 


HSI_TIME 
(LO) 


AD_RESULT 
(HI) 


AD 
RESULT (LO) 


ZERO REG (HI) 


ZERO REG (LO) 


Source 
Vector 
Priority 
Number 
Location 


INT15 
NMI 
203EH 
15 


INT14 
HSI FIFO Full 
203CH 
14 


INT13 
EXTINTPin 
203AH 
13 


INT12 
TIMER2 
Overflow 
2038H 
12 


INT11 
TIMER2 
Capture 
2036H 
11 


INT10 
4th Entry into HSI FIFO 
2034H 
10 


INT09 
RI 
2032H 
9 


INT08 
TI 
2030H 
8 


SPECIAL 
Unimplemented 
Opcode 
2012H 
N/A 


SPECIAL 
Trap 
2010H 
N/A 


INT07 
EXTINT 
200EH 
7 


INT06 
Serial Port 
200CH 
6 


INT05 
Software 
Timer 
200AH 
5 


INT04 
HSI.OPin 
2008H 
4 


INT03 
High Speed Outputs 
2006H 
3 


INT02 
HSI Data Available 
2004H 
2 


INT01 
AID 
Conversion 
Complete 
2002H 
1 


INTOO 
Timer Overflow 
2000H 
0 


STACK POINTER 


PWM 
CONTROL 


IOC1 


lOCO 


'WSR 


'INT 
MASK 1 


'INT 
PEND 1 


'SP 
CON 


PORT2 


PORTl 


BAUD RATE 


TlMER2(HI) 


TIMER2(LO) 


'IOC2 


WATCHDOG 


INT 
PENDING 


INT_MASK 


SBUF(TX) 


HSO 
COMMAND 


HSO 
TIME (HI) 


HSO_TIME 
(LO) 


HSI-MODE 


AD_COMMAND 


ZERO REG (HI) 


ZERO REG (LO) 


'NEW OR CHANGED 
REGISTER FUNCTION 


NOTE: 
1. Reserved 
registers should not be written. 


OFH 
RESERVED (1) 


OEH 
RESERVED (1) 


ODH 
'T2 CAPTURE (HI) 


OCH 
'T2 CAPTURE (LO) 


WSR ~ 15 


OTHER SFRS IN WSR 
15 BECOME READABLE 
IF THEY WERE WRITABLE 
INWSR 
~ OANDWRITABLE 
IF THEY WERE READABLE 
INWSR 
= 0 


inter 


I/O register 
expansion 
on the new CHMOS 
members 
of the MCS-96 family has been provided 
by making two 
register 
windows 
available. 
Switching 
between 
these 
windows 
is done 
using the Window 
Select 
Register 
(WSR). The PUSHA and POPA instructions 
can be used to push and pop the WSR and second 
interrupt 
mask 
when entering 
or leaving 
interrupts, 
so it is easy to change 
between 
windows. 


On the 80C196KB 
only Window 
0 and Window 
15 are active. Window 0 is a true superset 
of the standard 
8096 
SFR space, while Window 
15 allows the read-only 
registers 
to be written 
and write-only 
registers 
to be read. 
The only major exception 
to this is the Timer2 register which is the Timer2 capture 
register 
in Window 
15. The 
writeable 
register 
for Timer2 
is in Window 
O. There are also some minor changes 
and cautions. 
The descrip- 
tions of the registers 
which 
have different 
functions 
in Window 
15 than in Window 
0 are listed below: 


AD_COMMAND 
(02H) 
- 
Read the last written 
command 


AD_RESULT 
(02H, 03H) - 
Write a value into the result register 


HSI_MODE 
(03H) 
- 
Read the value in HSI_MODE 


HSI_ TIME (04H,05H) 
- 
Write to FIFO Holding 
register 


HSO_ 
TIME (04H,05H) 
- 
Read the last value placed 
in the holding 
register 


HSI_STATUS 
(06H) 
- 
Write to status bits but not to HSI pin bits. (Pin bits are 1,3,5,7). 


HSO_COMMAND 
(06H) 
- 
Read the last value placed 
in the holding 
register 


SBUF(RX) 
(07H) 
- 
Write a value into the receive 
buffer 


SBUF(TX) 
(07H) 
- 
Read the last value written 
to the transmit 
buffer 


WATCHDOG(OAH) 
- 
Read the value in the upper byte of the WDT 


TIMER1 
(OAH,OBH) 
- 
Write a value to Timer1 


TIMER2 
(OCH,ODH) 
- 
Read/Write 
the Timer2 
capture 
register. 
Note that Timer2 
read/write 
is done with WSR = O. 


- 
Last written 
value is readable, 
except 
bit 7 (note 1) 


- 
No function, 
cannot 
be read 


- 
No function, 
no output 
drivers 
on the pins. Register 
reserved. 


- 
IOPORT1 
cannot 
be read or written 
in Window 
15. Register 
reserved. 


- 
Set the status bits, TI and RI can be set, but it will not cause an interrupt 


- 
Read the current 
control 
byte 


- 
Writing to this register controls 
the HSO pins. Bits 6 and 7 are inactive 
for writes. 


- 
Last written 
value is readable, 
except 
bit 1 (note 
1) 


- 
Writing to this register will set the status bits, but not cause interrupts. 
Bits 6 and 
7 are not functional 


- 
Last written 
value is readable 


- 
Writing to this register 
will set the status 
bits, but not cause interrupts. 


- 
Read the duty cycle value written 
to PWM_CONTROL 


IOC2 (OBH) 


BAUD_RATE 
(OEH) 


PORTO (OEH) 


PORT1 


SP_STAT 
(11 H) 


SP_CON 
(11 H) 


10SO (15H) 


lOCO (15H) 


IOS1 (16H) 


IOC1 (16H) 


IOS2 (17H) 


PWM_CONTROL 
(17H) 


NOTE: 
1. IOC2.7 (CAM CLEAR) 
and IOCO.1 (T2RST) 
are not latched 
and will read as a 1 (precharged 
bus) . 


Being able to write to the read-only 
registers 
and vice-versa 
provides 
a lot of flexibility. 
One of the most useful 
advantages 
is the ability to set the timers 
and HSO lines for initial conditions 
other than zero. 


Reserved 
registers 
may be used for testing 
as future 
features. 
Do not write 
to these 
registers. 
Read from 
reserved 
registers 
will return indeterminate 
values. 


inter 


A summary of the SFAs which control I/O functions has been included in this section. The summary is 
separated into a list of those SFAs which have changed on the 80C196KB and a list of those which have 
remained almost the same. 


The following 80C196KB SFAs are different than those on the 8096BH: 
(The Aead and Write comments indicate the register's function in Window 0 unless otherwise specified.) 


SBUF(TX): 
07h 
write 


BAUD RATE: 
OEh 
write 


7 
6 
5 
4 
3 
2 
1 , 
0 


AB8/ 
AI 
TI 
FE 
TXE 
OE 
X 
X 
APE 


11h 
read 
APE: 


AI: 


TI: 
FE: 
TXE: 
OE: 


Aeceive Parity Error 
Aeceive Indicator 
Transmit Indicator 
Framing Error 
Transmitter Empty 
Aeceive Overrun Error 


IPEND1: 
IMASK1: 
7 
6 
5 
4 
3 
2 
1 
0 


NMI 
FIFO 
EXT 
T2 
T2 
HSI4 
AI 
TI 
FULL 
INT 
OVF 
CAP 


12h,13h 
read/write 
NMI : 
Non-Maskable Interrupt (set to 0 for future compatibility) 
FIFO FULL: HSIO FIFO full 
EXTINT: 
External Interrupt Pin 
T20VF : 
Timer2 Overflow 
T2CAP : 
Timer2 Capture 
HSI4 : 
HSI has 4 or more entries in FIFO 
AI : 
Aeceive Interrupt 
TI : 
Transmit Interrupt 


inter 


14h 
read/write 


17h 
read 


OSh 
write 


WWWW= 
0: 
SFRs function 
like a superset 
of 8096 SFRs 


WWWW= 
14: 
PPW register 


WWWW= 
15: 
Exchange 
read/write 
registers 


WWWW= 
OTHER: 
Undefined, 
do not use 


000 : 
These 
bits must always be written 
as zeros to provide 
compatibility 
with future products. 


HLDEN = 1 : 
Enables 
the HOLD/HLDA 
bus protocol 


7 
6 
5 
4 
3 
2 
1 
0 


START 
T2 
HSO.5 
HSO.4 
HSO.3 
HSO.2 
HSO.1 
HSO.O 
A2D 
RESET 


Indicates 
which 
HSO event occured 


START A2D: 
HSO_CMD 
15, start A to 0 


T2RESET: 
HSO_CMD 
14, Timer 2 reset 


HSO.0-5 : 
Output 
pins HSO.O through 
HSO.5 


7 
6 
5 
4 
3 
2 
1 
0 


CLEAR 
ENA 
T2ALT 
A2D 
X 
SLOW 
T2UD 
FAST 
CAM 
LOCK 
INT 
CPO 
PWM 
ENA 
T2EN 


CLEAR_CAM: 


ENA'-LOCK: 


T2ALTINT: 


A2D_CPD: 


Clear Entire CAM 


Enable lockable 
CAM entry feature 


Enable T2 Alternate 
Interrupt 
at 8000H 


Clock Prescale 
Disable 
for low XT AL frequency 
(A to 0 conversion 
in 
fewer state times) 


Set to 0 


Turn on divide by 2 Prescaler 
on PWM 


Enable Timer 2 as up/down 
counter 


Enable 
Fast increment 
of T2; once per state time. 


X: 


SLOW_PWM: 


T2UDENA: 


FAST_T2EN: 


CHANNEL 
/I SELECTS 
WHICH 
Of 
THE S 
ANALOG 
INPUT 
CHANNELS 
IS TO BE 
CONVERTED 
TO DIGITAL 
fORt.4. 


STATUS: 


0= 
A/D 
CURRENTLY 
IDLE 
X 
1 = CONVERSION 
IN PROCESS 


X 


A/D 
RESULT: 
LEAST 
SIGNifiCANT 
2 SITS 


GO INDICATES 
WHEN 
THE CONVERSION 
IS TO 


BE INITIATED (GO = 1 t.4EANS START 
NOW, 


GO = 0 t.4EANS THE CONVERSION 
IS TO BE 
INITIATED 
BY THE HSO 
UNIT 
AT A SPECIfiED 
T1t.4E). 


inter 


POWERDOWN 
l,lODE 
ENABLE' 


BUS WIDTH 
SELECT 
(16-BIT 
BUS/-a---B-IT-B-U-S) 


WRITE STROBE 
llODE 
SELECT 
(ViR AND 
BHE'/WRL 
AND 
WRH) 


ADDRESS 
VALID 
STROBE 
SELECT 


(ALEI 
ADV) 


(IRCO) 
} INTERNAL 
READY CONTROL 


(lRC1) 
llODE 


(LOCO)} 
(LOC1) 
PROGRAll 
LOCK 
llODE 


270634-5 


HSI.O 
llODE 


HSI.1 
llODE 


HSI.2 
llODE 


HSI.o3 llODE 


WHERE 
EACH 
2 - 
BIT llODE 
CONTROL 
FIELD 
DEFINES 
ONE OF 4 POSSIBLE 
llODES: 


00 
a POSITIVE 
TRANSITIONS 
01 
EACH 
POSITIVE 
TRANSITION 
10 
EACH 
NEGATIVE 
TRANSITION 
11 
EVERY TRANSITION 
(POSITIVE 
AND 
NEGATIVE) 


CHANNEL:0-5 
HSO.O - 
HSO.5 


6 
HSO.O 
AND 
HSO.1 


] 


7 
HSO.2 
AND 
HSO.o3 


a-B 
SOnwARE 
TillERS 


C-D 
RESERVED 
FOR FUTURE 
USE' 


E 
RESET T1llER2 


F 
START 
A I 0 CONVERSION 


INTERRUPT I NO INTERRUPT 


SET I CLEAR 


TillER 
2 I TillER 
1 


LOCK 
CAll' 


HSI.O 
STATUS 


HSI.1 
STATUS 


HSI.2 
STATUS 


HSI.o3 STATUS 


WHERE 
FOR EACH 
2 - 
BIT STATUS 
FIELD 
THE LOWER 
BIT INDICATES 
WHETHER 
OR NOT AN 
EVENT 
HAS 
OCCURED 
ON THIS 
PIN AND 
THE 
UPPER 
BIT INDICATES 
THE CURRENT 
STATUS 
OF THE PIN. 


SPCON 
(11H) 


0 
BIT. 1, BIT.O SPECIFY 
THE llODE 
0.0 
= llODEO 
1.0 = llODE2 


0.1 
=llODE 
1 
1.1 = llODEo3 


2 
PEN 
ENABLE 
THE PARITY 
FUNCTION 
W 
R 
3 
REN ENABLES 
THE RECEIVE 
FUNCTION: 
I 
T 
4 
TBa 
PROGRAllS 
THE 9TH 
DATA BIT 
E 
5 


6 


7 


270634-9 


IOSO(15H) 


0 
HSO.O 
CURRENT 
STATE 


HSO.1 
CURRENT 
STATE 


2 
HSO.2 
CURRENT 
STATE 


3 
HSO.o3 CURRENT 
STATE 


4 
HSO.4 
CURRENT 
STATE 


5 
HSO.5 
CURRENT 
STATE 


6 
CAll 
~ 
HOLDING 
REGISTER 
IS FULL 


7 
HSO 
HOLDING 
REGISTER 
IS FULL 


270634-10 


lOCO (15H) 


HSI.O INPUT ENABLE / DISABLE 


TIt.4ER 2 RESET EACH WRITE 


HSI.1 
INPUT ENABLE / DISABLE 


3 
TIMER 2 EXTERNAL RESET ENABLE / DISABLE 


4 
HSI.2 INPUT ENABLE / DISABLE 


5 
TIt.4ER 2 RESET SOURCE HSI.O / T2RST 


6 
HSI.3 INPUT ENABLE / DISABLE 


7 
TIt.4ER 2 CLOCK SOURCE HSI.1 / T2CLK 


270634-11 


SOfTWARE TIt.4ER 0 EXPIRED 


SOfTWARE 
TIt.4ER 1 EXPIRED 


SOfTWARE 
TIt.4ER 2 EXPIRED 


SOfTWARE 
TIMER 3 EXPIRED 


TIMER 2 HAS OVERfLOW 


TIt.4ER 1 HAS OVERfLOW 


HSI flfO 
IS fULL 


HSI HOLDING REGISTER DATA AVAILABLE 


270634-12 


SELECT PWt.4/ SELECT P2.5 


EXTERNAL INTERRUPT ACH7 / EXTINT 


TIt.4ER 1 OVERfLOW 
INTERRUPT ENABLE / DISABLE 


'3 
TIMER 2 OVERfLOW 
INTERRUPT ENABLE / DISABLE 


4 
HSO.4 OUTPUT ENABLE / DISABLE 


5 
SELECT TXD / SELECT P2.0 


6 
HSO.5 OUTPUT ENABLE / DISABLE 


HSI INTERRU_PT 
_ 


flfO 
fULL / HOLDING REGISTER LOADED 
270634-13 


Pin 
Func. 
Alternative 
Control 


Function 
Reg. 


2.0 
Output 
TXO (Serial Port 
IOC1.5 


Transmit) 


2.1 
Input 
RXO (Serial Port 
SPCON.3 


Receive) 


2.3 
Input 
T2CLK (Timer2 Clock 
IOCO.7 


& Baud) 


2.4 
Input 
T2RST (Timer2 Reset) 
IOCO.5 


2.5 
Output 
PWM Output 
IOC1.0 


2.6 
OBO* 
Timer2 up/ 
IOC2.1 


down select 


2.7 
OBO* 
Timer2 Capture 
N/A 


XTAL1 
Baud_Reg = BaudRate x 16 
OR 
T2CLK 


BaudRate x 8 


Synchronous 
Mode 
0: 


XTAL1 
T2CLK 


Baud-Reg = BaudRate x 2 
1 OR BaudRate 


Baud Rates and Baud Register 
Values 


Baud 
XTAL 
Frequency 


Rate 
8.0 MHz 
10.0 MHz 
12.0 MHz 


300 
1666 
-0.02 
2082 
0.02 
2499 
0.00 


1200 
416 
-0.08 
520 
-0.03 
624 
0.00 


2400 
207 
0.16 
259 
0.16 
312 
-0.16 


4800 
103 
-0.16 
129 
0.16 
155 
0.16 


9600 
51 
-0.16 
64 
0.16 
77 
0.16 


19.2K 
25 
0.16 
32 
1.40 
38 
0.16 


A maximum 
baud rate of 750 Kbaud 
is available 
in 


the asynchronous 
modes 
with 
12 MHz on XTAL 1. 


The synchronous 
mode 
has a maximum 
rate of 3.0 


Mbaud 
with a 12 MHz clock. 
Location 
OEH is the 


Baud Register. 
It is loaded 
sequentially 
in two bytes, 


with 
the 
low byte 
being 
loaded 
first. 
This 
register 


may not be loaded with zero in serial port Mode O. 


NOTE: 
The maximum 
T2CLK 
rate is 3 MHz when 
used to 


set the baud rate. 


The 80C196KB supports a bus exchange protocol, 
allowing other devices that are capable of acting as 
bus masters to gain control of the bus. The hand 
shake consists of three signals, HOLD, HLDA and 
BREa. HOLD, which is an input, is activated by a 
bus master which requires control of the bus. The 
80C196KB responds by releasing the bus and acti- 
vating the HLDA output line. When the new bus 
master is finished with the bus, it returns control of 
the bus to the 80C196KB by dropping its hold re- 
quest. In response, the 80C196KB removes its hold 
acknowledge and assumes control of the bus. The 
third signal, BREQ, is activated by the 80C196KB 
when it is in hold and has a pending external bus 
cycle. The 80C196KB deactivates this signal at the 
same time it removes the acknowledge signal. 


Figure 4 shows the bus timing for HOLD/HLDA. The 
H LD, HLDA and BREa signals are multiplexed 
with P1.7, P1.6 and P1.5 respectively. To enable the 
bus hold feature on these pins instead of the Port 1 
feature, the HLDEN(WSR.7) must be set to one. 
This bit is cleared during reset and must be set by 
software to configure the pins as well as to enable 
the bus hold feature. Once this bit is set, the three 
most significant pins of Port1 cannot be restored to 
their I/O function without resetting the part. The bus 
hold feature, however, can be disabled by clearing 
the HLDEN. 


When the 80C196KB acknowledges the hold re- 
quest, the output buffers for Port3, Port4 and a!!..!!:!e 
bus control signals, (ALE, BHE, INST, RD and WR), 
are turned off. Although the strong pullup and pull- 
down on ALE are disabled during hold acknowledge, 
a weak pulldown is turned on to provide an option to 
wire OR the ALE with other bus masters. The re- 
quest to hold acknowledge latency is dependent on 
the state of the bus controller. 


The maximum hold latency is the maximum time be- 
fore the 80C196KB will respond with HLDA to an 


incoming HOLD. The minimum hold latency is half a 
state with two states added for executing out of ex- 
ternal memory. The latency for exiting idle mode is 
1% states. The maximum latency is shown below: 


Table 1. Maximum Hold Latency 


Max Hold Latency 


Idle Mode 
1% States 
External Execution 
2% States 


There 
is no delay between the time that 
the 
80C196KB removes the HLDA and when it takes 
control of the bus. After the hold request is removed, 
the 80C196KB will drop the hold acknowledge in the 
following state and assume control of the bus. 


BREQ is activated when the part is in hold and it 
needs to do an external memory cycle. Once acti- 
vated, it stays active until the hold request is re- 
moved. At the earliest, this signal can go active with 
HLDA, regardless of which memory space the part 
was executing out of when the hold was requested. 


A hold request will freeze the 80C196KB. After the 
80C196KB acknowledges the request, it continues 
running until either the instruction queue becomes 
empty or it needs to perform an external data cycle. 
Normally, this will h~ 
a few states after the 
80C196KB 
grants 
HLDA. 
In 
this 
situation 
the 
80C196KB is not able to service any interrupt re- 
quests. The 80C196KB will respond to hold requests 
while in the idle mode. (In the idle mode, the values 
of the Port 3 and Port 4 data registers are forced 
onto the port pins and the control 
signals are 
driven.) 


inter 


HLDEN(WSR.7) can be cleared to block hold re- 
quests in cases where consecutive memory cycles 
are required. Clearing this bit, however, does not 
cause the BOC196KBto take control of the bus im- 
mediately. The part waits until the current hold re- 
quest is over, then it disables the bus hold feature, 
causing a new hold request to be ignored until 
HLDEN is set again. Since there is a delay from the 
time the code for clearing the bit is fetched to the 


time the bit is actually cleared, the code that clears 
HLDEN must be a few instructions ahead of the 
block that needs to be protected against hold re- 
quests. The safest way is to add a JBC instruction to 
check the status of the HLDA pin after the code that 
clears the HLDEN bit. A code example is shown in 
Figure 5. This prevents the part from executing a 
new instruction until both current hold requests are 
serviced and the hold feature is disabled. 


CLKOUT 


HOLD 


HLDA 


BREQ 
CYCLE 
\ 
I 
PENDING 


PORT34 
/ 
FLOATED 
\ 


RD WR 
/ 
FLOATED 
\ 
BHE,INST 


ALE 
\ 
I 


DI 
ANDB WSR, 
#OEFH 


WAIT: 
JBC PORTl, 6, WAIT 


disable 
interrupts 
disable hold request 
Check the HLDA pin 
If set, execute 
protected 
instructions 


ORB WSR, #BOh 
EI 
enable HOLD requests 
enable interrupts 


NOTE: 
Interrupts 
should 
be disabled 
to prevent 
code interruption 


inter 


·Notice: Stresses above those listed under '~bso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Ambient 
Temperature 
Under Bias ...................•.. 
O'C to + 70'C 


Storage Temperature 
- 65°C to + 150'C 


Voltage 
On Any Pin to Vss 
-0.5V 
to + 7.0V 


Power Dissipation 
1.5W 
NOTICE: Specifications contained within the 
following tables are subject to change. 


Symbol 
Description 
Mln 
Max 
Units 


TA 
Ambient 
Temperature 
Under Bias 
0 
+70 
'C 


Vcc 
Digital Supply Voltage 
4.50 
5.50 
V 


VREF 
Analog Supply Voltage 
4.50 
5.50 
V 


fosc 
Oscillator 
Frequency 
3.5 
12 
MHz 


NOTE: 
ANGND and Vss should be nominally at the same potential. 


This Is an Advance 
Data Sheet. 
It Is expected 
that parameters 
may change 
before 
Intel releases 
this 
product 
for sale. Contact 
your local sales office 
before 
finalizing 
the Timing 
and D.C. Characteristics 
section 
of a design 
to verify 
you have the latest 
information. 


Symbol 
Description 
Mln 
Max 
Units 
Test Conditions 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
(Note 1) 
0.2Vcc 
+ 0.9 
Vcc 
+ 0.5 
V 


VIH1 
Input High Voltage on XTAL 1 
0.7Vcc 
Vcc 
+ 0.5 
V 


VIH2 
Input High Voltage on RESET 
2.2 
Vcc 
+ 0.5 
V 


VOL 
Output Low Voltage 
0.3 
V 
IOL = 200 p.A 


0.45 
V 
IOL = 3.2 mA 
1.5 
V 
IOL = 7mA 


VOH 
Output 
High Voltage 
Vcc 
- 
0.3 
V 
IOH = - 200 p.A 
(Standard 
Outputs) 
Vcc 
- 
0.7 
V 
IOH = -3.2 
mA 


Vcc 
- 
1.5 
V 
IOH = -7mA 


VOH1 
Output 
High Voltage 
Vcc 
- 
0.3 
V 
IOH = -10 
p.A 
(Quasi-bidirectional 
Outputs) 
Vcc 
- 
0.7 
V 
IOH = -30 
p.A 


Vcc 
- 
1.5 
V 
IOH = -60 
p.A 


III 
Input Leakage Current (Std. Inputs) 
±10 
p.A 
o < VIN < Vcc 
- 
0.3V 


ILl1 
Input Leakage Current (Port 0) 
±3 
p.A 
0< 
VIN < VREF 


ITL 
1 to 0 Transition 
Current (QBD Pins) 
-650 
p.A 
VIN = 2.0V 


IlL 
Logical 0 Input Current (QBD Pins) 
-50 
p.A 
VIN = 0.45V 


IIL1 
Logic~ 
I~t 
Current in Reset (Note 2) 
-850 
p.A 
VIN = 0.45 V 
(ALE, RD, WR, BHE, INST, P2.0) 


NOTE: 
1. All pins except RESET and XTAL1. 
2. Holding these pins below VIH in Reset may cause the part to enter test modes. 


Symbol 
Description 
Mln 
Typ(7) 
Max 
Units 
Test Conditions 


Icc 
Active 
Mode Current in Reset 
40 
55 
mA 
XTAL 1 = 12 MHz 


IREF 
AID Converter 
Reference 
Current 
2 
5 
mA 
Vcc = Vpp = VREF = 5.5V 


IIDLE 
Idle Mode Current 
10 
22 
mA 


ICC1 
Active 
Mode Current (Typical) 
15 
22 
mA 
XTAL1 = 3.5 MHz 


IpD(8) 
Powerdown 
Mode Current 
5 
p.A 
VCC = Vpp = VREF = 5.5V 


RRST 
Reset Pull up Resistor 
6K 
50K 
n 


Cs 
Pin Capacitance 
(Any Pin to VSS) 
10 
pF 
fTEST = 1.0 MHz 


NOTES: 
(Notes apply to all specifications) 
1. QBD (Quasi-bidirectional) pins include Port 1, P2.6 and P2.7. 
2. Standard Outputs include ADO-15, RD, WR, ALE, BHE, INST, HSO pins, PWM/P2.5, CLKOUT, RESET, Ports 3 and 4, 
TXD/P2.0, and RXD (in serial mode 0). The VOHspecification is not valid for RESET. Ports 3 and 4 are open-drain outputs. 
3. Standard Inputs include HSI pins, CDE, EA, READY, BUSWIDTH, NMI, RXD/P2.1, EXTINTIP2.2, 
T2CLK/P2.3, and 
T2RSTIP2.4. 
4. Maximum current per pin must be externally limited to the following values if VOL is held above 0.45V or VOH is held 
below Vcc - 
0.7V: 


IOLon Output pins: 10 mA 
IOHon quasi-bidirectional pins: self limiting 
IOHon Standard Output pins: 10 mA 


5. Maximum current per bus pin (data and control) during normal operation is ±3.2 mA. 
6. During normal (non-transient) conditions the following total current limits apply: 


Port 1, P2.6 
IOL:29 mA 
IOHis self limiting 


HSO, P2.0, RXD, RESET 
IOL:29 mA 
IOH:26 mA 
P2.5, P2.7, WR, BHE 
IOL:13 mA 
IOH:11 mA 


ADO-AD15 
IOL:52 mA 
IOH:52 mA 


RD, ALE, INST-CLKOUT 
IOL:13 mA 
IOH:13 mA 


7. Typicals are based on a limited number of samples and are not guaranteed. The values listed are at room temperature 
and VREF = Vcc = 5V. 
8. Ipo is not guaranteed on the standard 80C196KB part and may exceed 100 /LA on some parts. Customers whose applica- 
tions use the powerdown mode and require a guaranteed maximum value of Ipo should contact an Intel Field Sales Repre- 
sentative. 


60 


'cct.4AX 
50 


40 
Ice TYPICAL (7) 


Ice 
30 
mA 


20 
IIDLEt.4AX 


'IDLE TYPICAL 
10 


0 
.t.4Hz 
8t.4Hz 


FREQ 


A.C. Characteristics 
(Over specified 
operating 
conditions) 
Test Conditions: 
Capacitive 
load on all pins = 100 pF, Rise and fall times = 10 ns, fOSC = 12 MHz 


Symbol 
Description 
Min 
Max 
Units 
Notes 


TAVYV 
Address 
Valid to READY Setup 
2Tosc 
- 
85 
ns 


hLYV 
ALE Low to READY Setup 
80C196KB10 
TOSC - 
80 
ns 
80C196KB12 
Tosc 
- 
72 
ns 


TYLYH 
Non READY Time 
No upper limit 
ns 


TCLYX 
READY Hold after CLKOUT 
Low 
0 
Tosc 
- 
30 
ns 
(Note 1) 


TLLYX 
READY Hold after ALE Low 
TosC 
- 
15 
2TOSC - 
40 
ns 
(Note 1) 


TAVGV 
Address 
Valid to Buswidth 
Setup 
2Tosc 
- 
8"5 
ns 


TLLGV 
ALE Low to Buswidth 
Setup 
TOSC - 
70 
ns 


TCLGX 
Buswidth 
Hold after CLKOUT 
Low 
0 
ns 


TAVDV 
Address 
Valid to Input Data Valid 
80C196KB10 
3Tosc 
- 
70 
ns 
80C196KB12 
3Tosc 
- 
67 
ns 


TRLDV 
RD Active to Input Data Valid 
80C196KB10 
Tosc 
- 
30 
ns 
80C196KB12 
Tosc 
- 
23 
ns 


TCLDV 
CLKOUT 
Low to Input Data Valid 
Tosc 
- 
50 
ns 


TRHDZ 
End of RD to Input Data Float 
Tosc 
- 
20 
ns 


TRXDX 
Data Hold after RD Inactive 
0 
ns 


NOTES: 
1. If max is exceeded, 
additional 
wait states 
will occur. 


A.C. Characteristics 
(Over specified 
operating 
conditions) 
(Continued) 
Test Conditions: 
Capacitive 
load on all pins = 100 pF, Rise and fall times = 10 ns, fosc = 12 MHz 


The 80C196KB will meet these specifications: 


Symbol 
Description 
Mln 
Max 
Units 
Notes 


FXTAL 
Frequency 
on XTAL1 
80C196KB10 
3.5 
10 
MHz 
(Note 3) 


80C196KB12 
3.5 
12 
MHz 
(Note 3) 


Tosc 
I/FxTAL 
80C196KB10 
100 
286 
ns 
80C196KB12 
83 
286 
ns 


TXHCH 
XTAL 1 High to CLKOUT 
High or Low 
40 
110 
ns 
(Note 1) 


TCLCL 
CLKOUT 
Cycle Time 
2Tosc 
ns 


TCHCL 
CLKOUT 
High Period 
~ 


Tosc 
- 
10 
Tosc+10 
ns 


TCLLH 
CLKOUT 
Falling Edge to ALE Rising 
-5 
15 
ns 


TLLCH 
ALE Falling Edge to CLKOUT 
Rising 
-15 
15 
ns 


TLHLH 
ALE Cycle Time 
4Tosc 
ns 


TLHLL 
ALE High Period 
Tosc 
- 
10 
Tosc+10 
ns 


TAVLL 
Address 
Setup to ALE Falling Edge 
Tosc 
- 
15 
ns 


TLLAX 
Address 
Hold after ALE Falling Edge 
Tosc 
- 
40 
ns 


TLLRL 
ALE Falling Edge to RD Falling Edge 
Tosc 
- 
40 
ns 


TRLCL 
RD Low to CLKOUT 
Falling Edge 
10 
30 
ns 


TRLRH 
RD Low Period 
Tosc-5 
ns 


TRHLH 
RD Rising Edge to ALE Rising Edge 
Tosc 
Tosc 
+ 25 
ns 
(Note 2) 


TRLAZ 
RD Low to Address 
Float 
10 
ns 


TLLWL 
ALE Falling Edge to WR Falling Edge 
Tosc 
- 
10 
ns 


TCLWL 
CLKOUT 
Low to WR Falling Edge 
0 
25 
ns 


TQVWH 
Data Stable to WR Rising Edge 
80C196KB10 
Tosc 
- 
30 
ns 
80C196KB12 
Tosc 
- 
23 
ns 


TCHWH 
CLKOUT 
High to WR Rising Edge 
-10 
10 
ns 


TWLWH 
WR Low Period 
Tosc 
- 
30 
ns 


TWHQX 
Data Hold after WR Rising Edge 
Tosc 
- 
10 
ns 


TWHLH 
WR Rising Edge to ALE Rising Edge 
Tosc 
- 
10 
TosC 
+ 15 
ns 
(Note 2) 


TWHBX 
BHE, INST HOLD after WR Rising Edge 
Tosc 
- 
10 
ns 


NOTES: 
Tosc = 83.3 ns at 12 MHz; Tosc = 100 ns at 10 MHz. 
1. Typical specification. not guaranteed. 
2. Assuming back-to-back bus cycles. 
3. Testing performed at 3.5 MHz. However, the part is static by design and will typically operate below 1 Hz. 


inter 


r-tAVLL 


BUS 
ADDRESS OUT 


,. tAVDV 
tLLWL 


r-tOVWH 
tWHOX--j 


BUS -<~-::::::A:D:D:R:ES:S:O:U:T:::::::X 
DATAOUT 
X:::::A:D:D:R:ES:S::::: 


I 
I 
=: 1_-- 
_ 


BHE,INST -< 
VALID 
=:)--< 
_ 


READY-F~~ 
tAVGV I 


BUS WIDTH 
j3"" 


tLLGV 
"" 


BUS -< 
ADDRESS OUT 
) 
, 
1 
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Symbol 
Parameter 
Mln 
Max 
Units 


1/TxLXL 
Oscillator 
Frequency 
80C196KB10 
3.5 
10.0 
MHz 
80C196KB12 
3.5 
12.0 
MHz 


TXLXL 
Oscillator 
Frequency 
80C196KB10 
100 
286 
ns 
80C196KB12 
83 
286 
ns 


TXHXX 
High Time 
32 
ns 


TXLXX 
Low Time 
32 
ns 


TXLXH 
Rise Time 
10 
ns 


TXHXL 
Fall Time 
10 
ns 


VI=x 2.0> 
TESTPOINTS<2.0x:= 
0.45 
0.8 
0.8 


270634-19 


A.C. Testing inputs ere driven at 2.4V for a Logic "1" and 0.45V 
for a Logic "0" Timing measurements are made at 2.0V for a 
Logic "1" and 0.8V for a Logic "0". 


VLOAO+0.15V 
VOH-0.15V 
VLOAO 
mUNG REFERENCE<=: 
--- 
POINTS 
VLOAO-O.15V 
VOL+0.15V 


270634-20 
For Timing Purposes a Port Pin is no Longer Floating when a 
100 mV change from Load Voltage Occurs and Begins to Float 
when a 100 mV change from the Loaded VOHIVOL Level occurs 
IOL/IOH = ±15 mA. 


Each symbol 
is two pairs of letters 
prefixed 
by "r for time. The characters 
in a pair indicate 
a signal and its 
condition, 
respectively. 
Symbols 
represent 
the time between 
the two signal/condition 
points. 


Conditions: 


H 
- High 


L-Low 


V 
- Valid 


X 
- No Longer Valid 


Z 
- Floating 


Signals: 


A 
- Address 


B 
BHE 


C 
- CLKOUT 


D 
- DATA 


G 
- Buswidth 


L 
- ALE/ADV 


R 
- RD 


W - WR/WRH/WRL 


X 
- XTAL1 


Y 
- READY 
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Symbol 
Parameter 
Mln 
Max 
Units 


TXLXL 
Serial Port Clock Period (BRR ~ 8002H) 
6 Tosc 
ns 


TXLXH 
Serial Port Clock Falling Edge 
4 Tosc 
±SO 
ns 
to Rising Edge (BRR ~ 8002H) 


TXLXL 
Serial Port Clock Period (BRR = 8001 H) 
4 Tosc 
ns 


TXLXH 
Serial Port Clock Falling Edge 
2 Tosc 
±SO 
ns 
to Rising Edge (BRR = 8001 H) 


TOVXH 
Output Data Setup to Clock Rising Edge 
2 Tosc 
-so 
ns 


TXHOX 
Output Data Hold after Clock Rising Edge 
2 Tosc 
-SO 
ns 


TXHOV 
Next Output Data Valid after Clock Rising Edge 
2 Tosc 
+SO 
ns 


TDVXH 
Input Data Setup to Clock Rising Edge 
Tosc 
+SO 
ns 


TXHDX 
Input Data Hold after Clock Rising Edge 
0 
ns 


TXHOZ 
Last Clock Rising to Output Float 
1 Tosc 
ns 


r- TXLXL--j 
TXo---Lf ---Lf ---Lf ---Lf ---U ---Lf ---Lf ---Lf 


ToVXH--j I- 
TxLxH--l 
r- 
TXHOVI----j 
--l r- TXHOX 
TXHOZ--l I 


(O~XT)~ 
X 
2 
X 
3 
X 
4 
X 
5 
X--6--X 
7 
>- 


TOVXH--j f- 
-1 r- TXHOX 


VALID 
VALID 
VALID 


NOTE: 
1. Timings 
are not tested 
but guaranteed 
by design. 


intJ 


stability of VREF.VREFmust be close to Vcc since it 
supplies both the resistor ladder and the digital sec- 
tion of the converter. 
There are two modes of AID operation: with or with- 
out clock prescaler. The speed of the AID converter 
can be adjusted by setting a clock prescaler on or 
off. At high frequencies more time is needed for the 
comparator to settle. The maximum frequency with 
the clock prescaler disabled is 8 MHz. The conver- 
sion times with the prescaler turned on or off is 
shown in the table below. 


The specifications given below assume adherence 
to the Operating Conditions section of this data 
sheet. Testing is performed in Mode 2 with VREF = 
5.12V and 10 MHz on XTAL1. 
The 
converter 
is 
ratiometric, 
so 
the 
absolute 
accuracy is directly dependent on the accuracy and 


Clock Prescaler 
On 
Clock Prescaler 
Off 
IOC2.4 = 0 
IOC2.4 = 1 


I 
Mode 0-158 States 
Mode 2-91 States 
26.33 /Ls @ 12 MHz 
22.75/Ls @ 8 MHz 


Parameter 
Typlcal·(1) 
Minimum 
Maximum 
Units·· 
Notes 


Resolution 
256 
1024 
Levels 
10 
Bits 


Absolute Error 
0 
±4 
LSBs 


Full Scale Error 
-0.5 
±0.5 
LSBs 


Zero Offset Error 
±0.5 


-c- 
LSBs 


Non-Linearity 
0 
±4 
LSBs 


Differential Non-Linearity 
0 
±2 
LSBs 


Channel-to-Channel Matching 
0 
±1 
LSBs 


Repeatability 
±0.25 
LSBs 
1 


Temperature Coefficients: 
Offset 
0.009 
LSBrC 
1 
Full Scale 
0.009 
LSBrC 
1 
Differential Non-Linearity 
0.009 
LSBrC 
1 


Off Isolation 
-60 
dB 
1,2,3 


Feedthrough 
-60 
dB 
1,2 


Vcc Power Supply Rejection 
-60 
dB 
1,2 


Input Resistance 
1K 
5K 
.n 
1 


D.C. Input Leakage 
0 
3.0 
/LA 


Sample Time Slow Mode 
15 
States 
4 
Fast Mode 
8 
States 
4 


Input Capacitance 
3 
pF 


NOTES: 
• These 
values 
are expected 
lor most parts at 25°C but are not tested 
or guaranteed. 


"An 
"LSB", 
as used here, has a value 01 approximately 
5 mV. 


1. These 
values 
are not tested 
in production 
and are guaranteed 
based on theoretical 
estimates 
and laboratory 
tests. 


2. DC to 100 KHz. 
3. Multiplexer 
Break-Belore-Make 
Guaranteed. 
4. One state = 167 ns at 12 MHz, 250 ns at 8 MHz. 


ABSOLUTE 
ERROR-The 
maximum 
difference 
be- 


tween 
corresponding 
actual 
and 
ideal 
code 
tran- 


sitions. Absolute 
Error accounts 
for all deviations 
of 


an actual converter 
from an ideal converter. 


ACTUAL 
CHARACTERISTIC-The 
characteristic 


of an actual converter. 
The characteristic 
of a given 


converter 
may vary 
over 
temperature, 
supply 
volt- 


age, and frequency 
conditions. 
An actual character- 


istic rarely has ideal first and last transition 
locations 


or ideal code widths. 
It may even vary over multiple 


conversions 
under the same conditions. 


BREAK-BEFORE-MAKE- 
The 
property 
of 
multi- 


plexer 
which 
guarantees 
that a previously 
selected 


channel 
will be deselected 
before 
a new channel 
is 


selected 
(e.g., the converter 
will not short inputs to- 
gether). 


CHANNEL-To-CHANNEL 
MATCHING-The 
differ- 


ence between 
corresponding 
code transitions 
of ac- 


tual characteristics 
taken from different 
channels 
un- 
der the 
same 
temperature, 
voltage 
and 
frequency 


conditions. 


CHARACTERISTIC-A 
graph 
of input voltage 
ver- 
sus the resultant 
output 
code for an AID 
converter. 
It describes 
the transfer 
function 
of the AID 
convert- 


er. 


CODE-The 
digital value output 
by the converter. 


CODE 
TRANSITION-The 
point 
at which 
the con- 


verter 
changes 
from an output code of Q, to a code 


of Q + 1. The input voltage 
corresponding 
to a code 


transition 
is defined 
to 
be 
that 
voltage 
which 
is 


equally 
likely 
to 
produce 
either 
of 
two 
adjacent 


codes. 


CODE 
WIDTH-The 
voltage 
corresponding 
to the 


difference 
between 
two adjacent 
code transitions. 


D.C. INPUT 
LEAKAGE-Leakage 
current to ground 


from an analog 
input pin. 


DIFFERENTIAL 
NON-LINEARITY-The 
difference 


between 
the ideal and actual code widths 
of the ter- 


minal based characteristic. 


FEEDTHROUGH-Attenuation 
of a voltage 
applied 


on the selected 
channel 
of the AID 
Converter 
after 


the sample 
window 
closes. 


FULL SCALE 
ERROR-The 
difference 
between 
the 


expected 
and actual input voltage 
corresponding 
to 


the full scale code transition. 


IDEAL 
CHARACTERISTIC-A 
characteristic 
with 


its first 
code 
transition 
at VIN 
= 0.5 
LSB, 
its last 


code transition 
at VIN = (VREF 
- 
1.5 LSB) and all 


code widths 
equal to one LSB. 


INPUT 
RESISTANCE-The 
effective 
series 
resist- 


ance from the analog input pin to the sample capaci- 
tor. 


LSB-Least 
Significant 
Bit: 
The 
voltage 
corre- 


sponding 
to the 
full 
scale 
voltage 
divided 
by 2", 


where 
n is the 
number 
of bits of resolution 
of the 


converter. 
For an 8-bit 
converter 
with 
a reference 


voltage 
of 5.12V, one LSB is 20 mY. Note that this is 


different 
than 
digital 
LSBs, 
since 
an uncertainty 
of 


two LSB, when referring 
to an AID 
converter, 
equals 


40 mY. (This has been confused 
with an uncertainty 


of two digital bits, which would mean four counts, 
or 


80 mV.) 


NON-LINEARITY-The 
maximum 
deviation 
of code 


transitions 
of the terminal 
based characteristic 
from 


the corresponding 
code transitions 
of the ideal char- 


acteristic. 


OFF-ISOLATION-Attenuation 
of a voltage 
applied 


on a deselected 
channel 
of the AID 
converter. 
(Also 


referred 
to as Crosstalk.) 


REPEATABILITY-The 
difference 
between 
corre- 


sponding 
code transitions 
from different 
actual char- 


acteristics 
taken 
from 
the 
same 
converter 
on the 


same channel 
at the same temperature, 
voltage 
and 


frequency 
conditions. 


RESOLUTION-The 
number 
of input voltage 
levels 


that 
the 
converter 
can 
unambiguously 
distinguish 


between. 
Also defines 
the number 
of useful 
bits of 


information 
which the converter 
can return. 


SAMPLE 
TIME-Begins 
when the sample 
capacitor 
is attached 
to a selected 
channel 
and ends 
when 


the sample 
capacitor 
is disconnected 
from 
the se- 


lected channel. 


TEMPERATURE 
COEFFICIENTS-Change 
in the 


stated 
variable 
per degree 
centigrade 
temperature 


change. 
Temperature 
coefficients 
are added 
to the 


typical 
values 
of a specification 
to see the effect 
of 


temperature 
drift. 


TERMINAL 
BASED 
CHARACTERISTIC-An 
actual 


characteristic 
which has been rotated and translated 


to remove 
zero offset 
and full scale error. 


Vcc 
REJECTION-Attenuation 
of noise on the Vcc 


line to the AID 
converter. 


ZERO 
OFFSET-The 
difference 
between 
the 
ex- 


pected 
and 
actual 
input 
voltage 
corresponding 
to 


the first code transition. 


6-108 


The 80C196KB has the following problems. 
1. The DJNZW instruction is not guaranteed to be 
functional. The instruction, if encountered, will not 
cause an unimplemented opcode. The DJNZ 
(byte instruction) works correctly and should be 
used instead. 


2. The serial port only tolerates a + 1.25%, -7.5% 


baud rate error between Transmitter and Receiv- 
er. If the serial port fails on the receiver, increase 
the baud rate. 


3. The CDE function is not guaranteed to work. To 


ensure proper 80C196KB operation, the pin must 
be grounded. 


DIFFERENCES 
BETWEEN 
THE 


80C196KA 
AND THE 80C196KB 


The 8XC196KB is identical to 8XC196KA except for 
the following differences. 
1. ALE is high after reset on the 80C196KB instead 


of low as on the 80C196KA. 


2. The DJNZW instruction is not guaranteed to work 


on the 8OC196KB. 
3. The HOLD/HLDA bus protocol is available on the 


80C196KB. 


4. Specification differences are outlined in the revi- 


sion history section. 


CONVERTING 
FROM OTHER 
8096 
FAMILY 
PRODUCTS 
TO THE 
80C196KB 


The following list of suggestions for designing an 
809XBH system will yield a design that is easily con- 
verted to the 80C196KB. 


1. Do not base critical timing loops on instruction or 


peripheral execution times. 
2. Use equate statements to set all timing parame- 


ters, including the baud rate. 
3. Do not base hardware timings on CLKOUT or 


XTAL1. The timings of the 80C196KB are differ- 
ent than those of the 8X9XBH, but they will func- 
tion with standard ROM/EPROM/Peripheral type 
memory systems. 


4. Make sure all inputs are tied high or low and not 


left floating. 


5. Indexed and indirect operations relative to the 


stack 
pointer 
(SP) 
work 
differently 
on 
the 


80C196KB than on the 8096. On the 8096, the 
address is calculated based on the un-updated 
version of the stack pointer. The 80C196KB uses 
the updated version. The offset for PUSH[SP], 
POP[SP], PUSH nn[SP) and POP nn[SP) instruc- 
tions may need to be changed by a count of 2. 


inter 


The 
80C196KB 
is 
an 
improved 
version 
of 
the 


80C196KA 
implementing 
the HOLD/HLDA 
bus pro- 


tocol. 
The 
following 
differences 
exist 
between 
the 


80C196KB 
and 80C196KA 
data sheets. 


1. The no sample and hold feature 
on the AID is no 


longer available. 


2. The Ilu 
Logical 
0 input current 
in reset changed 


from 
- 500 IJ-Ato - 850 IJ-A. 


3. The following 
A.C. Characteristics 
have changed 
on the 80C196KB. 


Symbol 
Parameter 
80C196KA12 
80C196KB12 


hLYV 
ALE Low 
Tosc -60 
Tosc -72 


to READY Setup 


hLGV 
ALE Low 
Tosc -60 
Tosc -70 


to Suswidth Setup 


TLLAX 
Address Hold 
Tosc -25 
Tosc -40 


after ALE Falling 


TLLRL 
ALE Falling Edge 
Tosc -30 
Tosc -40 
to RDFailing 


TRLCL 
RDLow 
5/25 
10/30 


to CLKOUT Falling 


TLLCH 
ALE Low 
-10/10 
-15/15 


to CLKOUT High 


TWHBX SHE,INST-HOLD 
Tosc -5 
Tosc -10 
after WR Rising Edge 


TAVGV Address Valid to 
2Tosc - 70 
2Tosc - 85 
Suswidth Setup 


TAVYV Address Valid to 
2Tosc - 70 
2Tosc - 85 
READY Setup 


TAVDV Address Valid to 
3Tosc - 50 
3Tosc - 67 


Input Data Valid 


TavwH 
Data Stable to 
Tosc - 20 
Tosc - 23 
WR Rising Edge 


4. TRLAZ (Read Low to Address 
Float) was added as 


a specification 
(TRLAZ = 10 ns). 


5. New current 
specifications 
have 
been 
added 
to 


reflect 
typical 
current 
consumption 
at room tem- 


perature. 


6. A graph 
of current 
consumption, 
both 
max and 


typical, over frequency 
for Icc and IIDLE has been 


added. 


7. Sample time and input capacitance 
specifications 


for the AID have been added. 


8. The 
minimum 
instruction 
times 
for some 
of the 


indirect instructions 
which write to external 
memo- 


ry have changed. 


9. The LCC pinout description 
has been removed. 


10. All functional 
deviations 
for the 80C196KA 
have 


been fixed except for the ones listed in the Func- 
tional Deviations 
sections. 


11. Serial Port Timings 
have been added. 


12. Some AID Glossary 
Terms have been removed. 


13. AID sample 
time and sample 
capacitance 
have 


been added. 


14. The NMI bit in IMASK1 
should be set to zero for 


future compatibility. 


15. The upper four bits of the AID command 
should 


be set to zero for future compatibility. 


16. HSO commands 
C and D should 
not be used to 


maintain 
future compatibility. 


16-BIT HIGH PERFORMANCE CHMOS 
MICROCONTROLLER 
WITH 8 KBYTES OF ON-CHIP EPROM 


• 
232 Byte Register 
File 


• 
Reglster-to-Reglster 
Architecture 


• 
28 Interrupt 
Sources/16 
Vectors 


• 
2.3,..,s 16 x 16 Multiply (12 MHz) 


• 
4.0,..,s 32/16 
Divide (12 MHz) 


• 
Powerdown 
and Idle Modes 


• 
Five 8-Blt I/O 
Ports 


• 
16-Blt Watchdog 
Timer 


• 
Dynamically 
Conflgurable 
8-Blt or 
16-Blt Buswldth 


• 
Full Duplex Serial Port 


• 
High Speed 
I/O Subsystem 


• 
16-Blt Timer 


• 
16-Blt Up/Down 
Counter 
with Capture 


• 
Pulse-Wldth-Modulated 
Output 


• 
Four 16-Blt Software 
Timers 


• 
10-Blt A/D 
Converter 
with S/H 


• 
HOLD/HLDA 
Bus Protocol 


• 
12 MHz Verslon-87C196KB12 
10 MHz Verslon-87C196KB10 


The 87C196KB 
is an 80C196KB 
16-bit microcontroller 
with 8 Kbytes of on-chip 
EPROM. 
Both parts are high 
performance 
members 
of the 8096 microcontroller 
family. The 87C196KB 
is pin-for-pin 
compatible 
and uses a 
true superset 
of the 8096 instructions. 
Intel's 
CHMOS 
process 
provides 
a high performance 
processor 
along 
with low power consumption. 
To further 
reduce power requirements, 
the processor 
can be placed into Idle or 
Powerdown 
Mode. 


Bit, byte, word and some 32-bit operations 
are available 
on the 87C196KB. 
With a 12 MHz oscillator 
a 16-bit 
addition 
takes 0.66 fJos,and the instruction 
times average 
0.5 fJosto 1.5 fJosin typical 
applications. 


Four high-speed 
capture 
inputs are provided 
to record 
times when events 
occur. Six high-speed 
outputs 
are 
available 
for pulse or waveform 
generation. 
The high-speed 
output can also generate 
four software 
timers 
or 
start an A/D 
conversion. 
Events 
can be based on the timer or up/down 
counter. 


Also provided 
on-chip 
are an AID 
converter, 
serial port, watchdog 
timer, and a puls!'J-width-modulated 
output 
signal. 


inter 


The 87C196KB 
is a member 
of the MCS@-96 family, 
and as such has the same architecture 
and uses the 
same instruction 
set as the 8096. Many new features 
have been added on the 87C196KB 
including: 


Double 
buffered 
serial port transmit 
register 


Serial Port Receive 
Overrun 
and Framing 
Error Detection 


inter 


PUSHA - 
PUSHes the PSW, IMASK, IMASK1, and WSR 
(Used instead of PUSHF when new interrupts and registers are used.) 


assembly language format: PUSHA 
object code format: < 11110100> 
bytes: 1 


states: on-chip stack: 12 
off-chip stack: 18 
POPA 
- 
POPs the PSW, IMASK, IMASK1, and WSR 
(Used instead of POPF when new interrupts and registers are used.) 


assembly language format: POPA 
object code format: < 11110101> 
bytes: 1 
states: on-chip stack: 12 
off-chip stack:18 
IDLPD 
- 
Sets the part into Idle or Powerdown Mode 


assembly language format: IDLPD # key (key= 1 for Idle, key= 2 for Powerdown.) 
object code format: < 11110110> <key> 
bytes: 2 
states: legal key: 8 
illegal key: 25 


DJNZW· - 
Decrement Jump Not Zero using a Word counter 


assembly language format: DJNZW wreg, cadd 
object code format: <11100001> 
<wreg> <disp> 
bytes: 3 


states: jump not taken: 6 
jump taken: 10 


CMPL 
- 
Compare 2 long direct values 
assembly language format: 
DST 
SRC 
CMPL 
Lreg, 
Lreg 
object code format: < 11000101> < src Lreg> < dst Lreg> 
bytes: 
3 
states: 7 


BMOV 
- 
Block move using 2 auto-incrementing pointers and a counter 
assembly language format: 
PTRS 
CNTREG 
BMOV 
Lreg, 
wreg 
object code format: < 11000001> <wreg> < Lreg> 
bytes: 3 


states: 
internal/internal: 
8 per transfer + 6 
external/internal: 
11 per transfer + 6 
external/ external: 14 per transfer + 6 


inter 


All of the registers 
that were present 
on the 8096 work the same way as they did, except 
that the baud rate 
value is different. 
The new registers 
shown in the memory 
map control 
new functions. 
The most important 
new 
register 
is the Window 
Select 
Register 
(WSR) which 
allows 
reading 
of the formerly 
write-only 
registers 
and 
vice-versa. 
Using the WSR is described 
later in this data sheet. 


The 87C196KB 
is available 
in a 68-pin 
LCC package. 
Contact 
your local sales office to determine 
the exact 
ordering 
code for the part desired. 


LCC 
Description 
LCC 
Description 
LCC 
Description 


1 
ACH7/PO.7/PMD3 
24 
AD6/P3.6 
47 
P1.6/RrnA 
2 
ACH6/PO.6/PMD2 
25 
AD7/P3.7 
48 
P1.5/~ 
3 
ACH2/PO.2 
26 
AD8/P4.0 
49 
HSO.1 
4 
ACHO/PO.O 
27 
AD9/P4.1 
50 
HSO.O 
5 
ACH1/PO.1 
28 
AD10/P4.2 
51 
HSO.5/HSI.3/SID3 
6 
ACH3/PO.3 
29 
AD11/P4.3 
52 
HSO.4/HSI.2/SID2 
7 
NMI 
30 
AD12/P4.4 
53 
HSI.1/SID1 
8 
EA 
31 
AD13/P4.5 
54 
HSI.O/SIDO 
9 
Vcc 
32 
AD14/P4.6 
55 
P1.4 


10 
Vss 
33 
AD15/P4.7 
56 
P1.3 
11 
XTAL1 
34 
T2CLK/P2.3 
57 
P1.2 
12 
XTAL2 
35 
READY 
58 
P1.1 
13 
CLKOUT 
36 
T2RST /P2.4/ AINC 
59 
P1.0 
14 
BUSWIDTH 
37 
BHE/WRH 
- 
60 
TXD/P2.0/PVER 
15 
INST 
38 
WR/WRL 
61 
RXD/P2.1/PALE 
16 
ALE/ADV 
39 
PWM/P2.5 
62 
RESET 
17 
RD 
40 
P2.7/T2CAPTURE/PACT 
63 
EXTINT /P2.2/PROG 
18 
ADO/P3.0 
41 
Vpp 
64 
CDE(1) 


19 
AD1/P3.1 
42 
Vss 
65 
VREF 
20 
AD2/P3.2 
43 
HSO.3 
66 
ANGND 
21 
AD3/P3.3 
44 
HSO.2 
67 
ACH4/PO.4/PMDO 
22 
AD4/P3.4 
45 
P2.6/T2UP-DN 
68 
ACH5/PO.5/PMD1 


23 
AD5/P3.5 
46 
P1.7/HOLD 


NOTE: 
1. The CDE function 
is not guaranteed 
to work. To ensure 
proper 
87C196KB 
operation, 
the pin must be grounded. 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10111213 
14 15 16 17 


68 
18 


67 
19 
~ 
m 


65 
21 


64 
MCS®-96 
22 


63 
68 
PIN 
23 


62 
LEADLESS 
CHIP 
CARRIER 
24 


61 
TYPE "B" 
25 
w 
~ 


59 
TOP VIEW 
27 


58 
LOOKING 
DOWN ON 
28 


57 
COMPONENT 
SIDE 
29 


56 
OF PC BOARD 
30 
55 
31 
N 
D 


53 
33 
U 
U 
51 50 49 48 47 46 45 44 43 42 41 40 39 38 37 36 35 


Symbol 
Name and Function 


Vcc 
Main supply voltage 
(5V). 


Vss 
Digital circuit ground (OV). There are two VSS pins, both of which must be connected. 


CDE(1) 
Clock Detect Enable· 
When pulled high enables the clock failure detection 
circuit. If the 
XTAL 1 frequency 
falls below a specified 
limit the RESET"pin will be pulled low. 


VREF 
Reference 
voltage for the AID converter 
(5V). VREF is also the supply voltage to the analog 
portion of the AID converter 
and the logic used to read Port O. Must be connected 
for AID 
and Port 0 to function. 


ANGND 
Reference 
ground for the AID 
converter. 
Must be held at nominally 
the same potential 
as 
Vss· 


Vpp 
Timing pin for the return from powerdown 
circuit. Connect 
this pin with a 1 J.l-F capacitor 
to 
Vss and a 1 M.o. resistor to Vcc. If this function 
is not used Vpp may be tied to Vcc. This pin 
was Vaa on the 8X9X·90 
parts and is the programming 
voltage. 


XTAL1 
Input of the oscillator 
inverter and of the internal clock generator. 


XTAL2 
Output of the oscillator 
inverter. 


CLKOUT 
Output of the internal clock generator. 
The frequency 
of CLKOUT 
is % the oscillator 
frequency. 
It has a 50% duty cycle. 


RESET 
Reset input to the chip. Input low for at least 4 state times to reset the chip. The subsequent 
low-to-high 
transition 
re- synchronizes 
CLKOUT 
and commences 
a 1O-state-time 
sequence 
in 
which the PSW is cleared, a byte read from 2018H loads CCR, and a jump to location 
2080H 
is executed. 
Input high for normal operation. 
RESET has an internal pullup. 


BUSWIDTH 
Input for buswidth 
selection. 
If CCR bit 1 is a one, this pin selects the bus width for the bus 
cycle in progress. 
If BUSWIDTH 
is a 1, a 16-bit bus cycle occurs. 
If BUSWIDTH 
is a 0 an 8·bit 
cycle occurs. 
If CCR bit 1 is a 0, the bus is always an 8-bit bus. This pin is the TEST pin on 
8X9X-90 
parts. Systems with TEST tied to Vcc do not need to change. 


inter 


Symbol 
Name and Function 


NMI 
A positive transition 
causes a vector through 
203EH. 


INST 
Output high during an external 
memory read indicates 
the read is an instruction 
fetch and 
output low indicates 
a data fetch. INST is valid throughout 
the bus cycle. INST is activated 
only during external 
memory accesses. 


EA 
Input for memory select (External Access). 
EA equal to a TTL-high 
causes memory accesses 
to locations 
2000H through 
3FFFH to be directed 
to on-chip 
ROM/EPROM. 
EA equal to a 
TTL-Iow causes accesses 
to these locations 
to be directed 
to off-chip 
memory. 


ALE/ADV 
Address 
Latch Enable or Address 
Valid output, as selected 
by GGR. Both pin options 
provide 
a latch to demultiplex 
the address from the address/data 
bus. When the pin is ADV, it goes 
inactive high at the end of the bus cycle. ADV can be used as a chip select for external 
memory. ALE/ ADV is activated 
only during external 
memory accesses. 


RD 
Read signal output to external 
memory. 
RD is activated 
only during external 
memory 
reads. 


WR/WRL 
Write and Write Low output to external 
memory, as selected 
by the GGR. WR will go low for 
every external write, while WRL will go low only for external writes where an even byte is 
being written. WR/WRL 
is activated 
only during external 
memory writes. 


BHE/WRH 
Bus High Enable or Write High output to external 
memory, as selected 
by the GGR. BHE = 0 
selects the bank of memory that is connected 
to the high byte of the data bus. AO = 0 
selects the bank of memory that is connected 
to the low byte of the data bus. Thus accesses 
to a 16-bit wide memory can be to the low byte only (AO = 0, BHE = 1), to the high byte only 
(AO = 1, BHE = 0), or both bytes (AO = 0, BHE = 0). If the WRH function 
is selected, 
the 
pin will go low if the bus cycle is writing to an odd memory location. 
BHE/WRH 
is valid only 
during 16-bit external 
memory write cycles. 


READY 
Ready input to lengthen 
external 
memory cycles, for interfacing 
to slow or dynamic 
memory, 


or for bus sharing. If the pin is high, GPU operation 
continues 
in a normal manner. 
If the pin is 
low prior to the falling edge of GLKOUT, the memory controller 
goes into a wait mode until the 
next positive transition 
in GLKOUT occurs with READY high. When the external 
memory 
is 
not being used, READY has no effect. 
Internal control 
of the number of wait states inserted 
into a bus cycle (held not ready) is available 
through configuration 
of GGR. 


HSI 
Inputs to High Speed Input Unit. Four HSI pins are available: 
HSI.O, HSI.1, HSI.2, and HSI.3. 


Two of them (HSI.2 and HSI.3) are shared with the HSO Unit. The HSI pins are also used as 
the SID in Slave Programming 
Mode. 


HSO 
Outputs 
from High Speed Output Unit. Six HSO pins are available: 
HSO.O, HSO.1, HSO.2, 
HSO.3, HSO.4, and HSO.5. Two of them (HSO.4 and HSO.5) are shared with the HSI Unit. 


Port 0 
8-bit high impedance 
input-only 
port. Three pins can be used as digital inputs and/or 
as 
analog inputs to the on-chip AID converter. 
These pins set the Programming 
Mode. 


Port 1 
8-bit quasi-bidirectional 
I/O port. These pins are shared with HOLD, HLDA and BREQ. 


Port 2 
8-bit multi-functional 
port. All of its pins are shared with other functions 
in the 87G196KB. 


Ports 3 and 4 
8-bit bi-directionall/O 
ports with open drain outputs. These pins are shared with the 
multiplexed 
address/data 
bus which has strong internal pullups. 


HOLD 
Bus Hold input requesting 
control 
of the bus. Enabled by setting WSR.7. 


HLDA 
Bus Hold acknowledge 
output indicating 
release of the bus. Enabled by setting WSR.7. 


BREQ 
Bus Request 
output activated 
when the bus controller 
has a pending external 
memory cycle. 
Enabled by setting WSR.7. 


NOTE: 
1. The CDE function 
is not guaranteed 
to work. To ensure 
proper 
87C196KB 
operation, 
the pin must be grounded. 


inter 


Symbol 
Name and Function 


TxD 
The TxD pin is used for serial port transmission 
and reception 
in mode 0 only. The TxD 
function 
is enabled 
by setting IOC1.S. In mode 0 the pin is used as the serial clock output. 


RxD 
Serial Port Receive 
pin used for serial port reception. 
The RxD function 
is enabled 
by setting 
SPLON.3. 
In mode 0 the pin functions 
as input or output data. 


EXTINT 
A rising edge on the EXTINT pin will generate 
an external 
interrupt. 
EXTINT is selected 
as the 
external 
interrupt 
source by setting IOC1.1 high. 


T2CLK 
The T2CLK pin is the Timer2 clock input or the serial port baud rate generator 
input. 


T2RST 
A rising edge on the T2RST pin will reset Timer2. The T2RST function 
is enabled 
by setting 
IOCO.3. T2RST is enabled as the reset source by setting IOCO.5. 


PWM 
Port 2.5 can be enabled as a PWM output by setting IOC1.0. The duty cycle of the PWM is 
determined 
by the value loaded into the PWM-CONTROL 
register (17H). 


T2UPDN 
The T2UPDN 
pin controls 
the direction 
of Timer2 as an up or down counter. 
The Timer2 
up/down 
function 
is enabled 
by setting IOC2.1. 


T2CAP 
A rising edge on (P2.7 will capture the value of Timer2 in the T2CAPTURE 
register (location 
OCH in Window 
15). 


Mnemonic 
Operands 
Operation 
(Note 
1) 
Flags 
Notes 
Z 
N 
C 
V 
VT 
ST 


ADD/ADDB 
2 
D+-D+A 
j;' 
j;' 
j;' 
j;' i 
- 


ADD/ADDB 
3 
D+-B+A 
j;' 
j;' 
j;' 
j;' i 
- 


ADDC/ADDCB 
2 
D+-D+A+C 
J. 
j;' 
j;' 
j;' i 
- 


SUB/SUBB 
2 
D+-D-A 
j;' 
j;' 
j;' 
j;' 
t 
- 


SUB/SUBB 
3 
D+-B-A 
j;' 
j;' 
j;' 
j;' 
t 
- 


SUBC/SUBCB 
2 
D+-D-A+C-1 
J. 
j;' 
j;' 
j;' 
t 
- 


CMP/CMPB 
2 
D-A 
j;' 
j;' 
j;' 
j;' 
t 
- 


MUL/MULU 
2 
0,0 
+ 2 +- 
0 x A 
- 
- 
- 
- 
- 
- 
2 


MUL/MULU 
3 
0,0 
+ 2 +- 
B x A 
- 
- 
- - 
- 
- 
2 


MULB/MULUB 
2 
0,0 
+ 1 +- 
0 x A 
- - 
- 
- 
- 
- 
3 


MULB/MULUB 
3 
0,0 
+ 1 +- 
B x A 
- 
- 
- 
- 
- 
- 
3 


DIVU 
2 
o +- 
(0,0 
+ 2) / A,D + 2 +- 
remainder 
- 
- 
- 
j;' 
t 
- 
2 


DIVUB 
2 
o +- 
(0,0 
+ 1) /A,D + 1 +- 
remainder 
- 
- 
- 
j;' 
t 
- 
3 


DIV 
2 
o +- 
(0,0 
+ 2) / A,D + 2 +- 
remainder 
- 
- 
- 
j;' 
t 
- 


DIVB 
2 
0+-(0,0 
+ 1)/A,D 
+ 1 +- 
remainder 
- 
- 
- 
j;' 
t 
- 


AND/ANDB 
2 
o +- 
DANDA 
j;' 
j;' 
0 
0 
- 
- 


AND/ANDB 
3 
o +- 
BANDA 
j;' 
j;' 
0 
0 
- 
- 


OR/ORB 
2 
o +- 
DORA 
j;' 
j;' 
0 
0 
- 
- 


XOR/XORB 
2 
o +- 
0 (ecxl. or) A 
j;' 
j;' 
0 
0 
- 
- 


LD/LDB 
2 
D+-A 
- 
- 
- 
- 
- 
- 


ST/STB 
2 
A+-D 
- 
- 
- 
- 
- 
- 


LDBSE 
2 
o +- 
A; 0 + 1 +- 
SIGN(A) 
- 
- 
- 
- 
- 
- 
3,4 


LDBZE 
2 
D+-A;D+1 
+-0 
- 
- 
- 
- 
- 
- 
3,4 


PUSH 
1 
SP +- 
SP - 
2; (SP) +- 
A 
- 
- 
- 
- 
- 
- 


POP 
1 
A +- 
(SP); SP + 2 
- 
- 
- 
- 
- 
- 


PUSHF 
0 
SP +- 
SP - 
2; (SP) +- 
PSW; 
0 
0 
0 
0 
0 
0 
PSW +- 
OOOOH;I+-O 


POPF 
0 
PSW +- 
(SP); SP +- 
SP + 2; I +- 
j;' 
j;' 
j;' 
j;' 
j;' 
j;' 
j;' 


SJMP 
1 
PC +- 
PC + 11-bit offset 
- 
- 
- 
- 
- 
- 
5 


LJMP 
1 
PC +- 
PC + 16-bit offset 
- 
- 
- 
- 
- 
- 
5 


BR [indirect] 
1 
PC +- 
(A) 
- 
- 
- 
- 
- 
- 


SCALL 
1 
SP +- 
SP - 
2; 
- 
- 
- 
- 
- 
- 
5 
(SP) +- 
PC; PC +- 
PC + 11-bit offset 


LCALL 
1 
SP +- 
SP - 
2; (SP) +- 
PC; 
- 
- 
- 
- 
- 
- 
5 
PC +- 
PC + 16-bit offset 


inter 


Mnemonic 
Operands 
Operation 
(Note 
1) 
Flags 
Notes 


Z 
N 
C 
V 
VT 
ST 


RET 
0 
PC - 
(SP);SP 
- 
SP + 2 
- - - - 
- 
- 


J (conditional) 
1 
PC - 
PC + a-bit offset (if taken) 
- - 
- 
- 
- - 
5 


JC 
1 
Jump ifC 
= 1 
- - - - 
- - 
5 


JNC 
1 
jumpifC 
= 0 
- - - 
- 
- - 
5 


JE 
1 
jumpifZ 
= 
1 
- - - - 
- - 
5 


JNE 
1 
Jump if Z = 0 
J 
- - - - 
- - 
5 


JGE 
1 
Jump if N = 0 
- - - - - - 
5 


JLT 
1 
Jump if N = 
1 
- - - - - - 
5 


JGT 
1 
Jump if N = 0 and Z = 0 
- - - - - 
- 
5 


JLE 
1 
Jump if N = 1 or Z = 1 
- - - - - - 
5 


JH 
1 
Jump if C = 1 and Z = 0 
- - - - - - 
5 


JNH 
1 
Jump if C = 0 or Z = 1 
- - - - 
- 
- 
5 


JV 
1 
Jump if V = 0 
- 
- 
- 
- 
- - 
5 


JNV 
1 
Jump if V = 1 
- - 
- 
- 
- 
- 
5 


JVT 
1 
Jump if VT= 
1; Clear VT 
- 
- 
- 
- 
0 
- 
5 


JNVT 
1 
Jump if VT = 0; Clear VT 
- 
- 
- 
- 
0 
- 
5 


JST 
1 
Jump if ST = 1 
- 
- 
- 
- 
- 
- - 
5 


JNST 
1 
Jump ifST 
= 0 
- 
- 
- 
- 
- 
- 
5 


JBS 
3 
Jump if Specified 
Bit = 
1 
- 
- 
- 
- 
- 
- 
5,6 


JBC 
3 
Jump if Specified 
Bit = 0 
- 
- 
- - - - 
5,6 


OJNZI 
1 
0- 
0 -1; 
- 
- 
- - - 
- 
5 
OJNZW 
If 0 *" 0 then PC - 
PC + a-bit offset 
10 


OEC/OECB 
1 
0-0-1 
~ ~ ~ ~ t 
- 


NEG/NEGB 
1 
0-0-0 
C'j 
~ ~ ~ ~ t 
- 


INC/INCB 
1 
0-0+1 
~ ~ ~ ~ t 
- 


EXT 
1 
o - 
0; 0 + 2 - 
Sign (0) 
~ ~ 
0 
0 - 
- 
2 


EXTB 
1 
o - 
0; 0 + 1 - 
Sign (0) 
~ ~ 
0 
0 
- 
- 
3 


NOT/NOTB 
1 
o - 
Logical Not (0) 
~ ~ 
0 
0 - 
- 


CLR/CLRB 
1 
0-0 
1 
0 
0 
0 - - 


SHLlSHLB/SHLL 
2 
C - 
msb - •••. 
Isb - 
0 
~ ~ ~ ~ t - 
7 


SHRISHRB/SHRL 
2 
o - 
msb····· 
Isb - 
C 
~ ~ ~ 
0 
- 
~ 
7 


SHRAISHRAB/SHRAL 
2 
msb 
- 
msb····· 
Isb - 
C 
~ ~ ~ 
0 
- 
~ 
7 


SETC 
0 
C-1 
- - 
1 - - - 


CLRC 
0 
C-O 
- - 
0 - 
- - 


Mnemonic 
Operands 
Operation 
(Note 
1) 
Flags 
Notes 
Z 
N 
C 
V 
VT 
ST 


CLRVT 
0 
VT+-O 
- 
- 
- 
- 
0 
- 


RST 
0 
PC +- 
2080H 
0 
0 
0 
0 
0 
0 
8 


01 
0 
Disable All Interupts 
(I +- 
0) 
- 
- 
- 
- 
- 
- 


EI 
0 
Enable All Interupts 
(I +- 
1) 
- 
- 
- 
- 
- 
- 


NOP 
0 
PC +- 
PC + 1 
. 
- 
- 
- 
- 
- 
- 


SKIP 
0 
PC +- 
PC + 2 
- 
- 
- 
- 
- 
- 


NORML 
2 
Left shift till msb = 1; 0 
+- 
shift count 
" " 
0 
- 
- 
- 
7 


TRAP 
0 
SP +- 
SP - 
2; 
- - 
- 
- 
- 
- 
9 
(SP) 
+- 
PC; PC +- 
(2010H) 


PUSHA 
1 
SP +- 
SP-2; (SP) +- 
PSW; 
0 
0 
0 
0 
0 
0 
PSW 
+- 
OOOOH;SP +- 
SP-2; 
(SP) +- 
IMASK1/WSR; 
IMASK1 
+- 
OOH 


POPA 
1 
IMASK1/WSR 
+- 
(SP); SP +- 
SP+2 
" " " " " " 
PSW 
+- 
(SP); SP +- 
SP + 2 


IDLPD 
1 
IDLE MODE IF KEY = 1; 
- - - 
- 
- 
- 


POWER DOWN MODE IF KEY = 2; 
CHIP RESET OTHERWISE 


CMPL 
2 
D-A 
" " " " t 
- 


BMOV 
2 
[PTR_Hll 
+ 
+- 
[PTR_LOWl 
+ ; 
- - 
- 
- 
- 
- 


UNTILCOUNT=O 


NOTES: 


1. If the 
mnemonic 
ends 
in "B" 
a byte operation 
is performed, 
otherwise 
a word 
operation 
is done. 
Operands 
is done. 


Operands 
D. B. and A must conform 
to the alignment 
rules for the required 
operand 
type. 
D and B are locations 
in the 


Register 
File; A can be located 
anywhere 
in memory. 


2. D,D + 2 are consecutive 
WORDS 
in memory; 
D is DOUBLE-WORD 
aligned. 


3. D,D + 1 are consecutive 
BYTES 
in memory; 
D is WORD 
aligned. 


4. Changes 
a byte to word. 
5. Offset 
is a 2's complement 
number. 
6. Specified 
bit is one of the 2048 bits in the register 
file. 
7. The "L" 
(Long) 
suffix 
indicates 
double-word 
operation. 
8. Initiates 
a Reset by pulling RESET low. Software 
should 
re-initialize 
all the necessary 
registers 
with code starting 
at 2080H. 


9. The assembler 
will not accept 
this mnemonic. 
10. The DJNZW 
instruction 
is not guaranteed 
to work. 
See Functional 
Deviations 
section. 


inter 


MNEMONIC 
DIRECT 
IMMED 
INDIRECT 
INDEXED 


NORMAL" 
A·INC· 
SHORT" 
LONG" 


ADD (3-op) 
5 
6 
7/10 
8/11 
7/10 
8/11 
SUB (3-op) 
5 
6 
7/10 
8/11 
7/10 
8/11 
ADD (2-op) 
4 
5 
6/8 
7/9 
6/8 
7/9 
SUB (2-op) 
4 
5 
6/8 
7/9 
6/8 
, 
7/9 
ADDC 
4 
5 
6/8 
7/9 
6/8 
7/9 
SUBC 
4 
5 
6/8 
7/9 
6/8 
7/9 
CMP 
4 
5 
6/8 
7/9 
6/8 
7/9 
ADDB 
(3-op) 
5 
5 
7/10 
8/11 
7/10 
8/11 
SUBB 
(3-op) 
5 
5 
7/10 
8/11 
7/10 
8/11 
ADDB 
(2-op) 
4 
4 
6/8 
7/9 
6/8 
7/9 
SUBB 
(2-op) 
4 
4 
6/8 
7/9 
6/8 
7/9 
ADDCB 
4 
4 
6/8 
7/9 
6/8 
7/9 
SUBCB 
4 
4 
6/8 
7/9 
6/8 
7/9 
CMPB 
4 
4 
6/8 
7/9 
6/8 
7/9 


MUL (3-op) 
16 
17 
18/21 
19/22 
19/22 
20/23 
MULU 
(3-op) 
14 
15 
16/19 
17/19 
17/20 
18/21 
MUL (2-op) 
16 
17 
18/21 
19/22 
19/22 
20/23 
MULU 
(2-op) 
14 
15 
16/19 
17/19 
17/20 
18/21 
DIV 
26 
27 
28/31 
29/32 
29/32 
30/33 
DIVU 
24 
25 
26/29 
27/30 
27/30 
28/31 
MULB 
(3-op) 
12 
12 
14/17 
15/18 
15/18 
16/19 
MULUB 
(3-op) 
10 
10 
12/15 
13/15 
12/16 
14/17 
MULB 
(2-op) 
12 
12 
14/17 
15/18 
15/18 
16/19 
MULUB 
(2-op) 
10 
10 
12/15 
13/15 
12/16 
14/17 
DIVB 
18 
18 
20/23 
21/24 
21/24 
22/25 
DIVUB 
16 
16 
18/21 
19/22 
19/22 
20/23 


AND (3-op) 
5 
6 
7/10 
8/11 
7/10 
8/11 
AND (2-op) 
4 
5 
6/8 
7/9 
6/8 
7/9 
OR (2-op) 
4 
5 
6/8 
7/9 
6/8 
7/9 
XOR 
4 
5 
6/8 
7/9 
6/8 
7/9 
ANDB 
(3-op) 
5 
5 
7/10 
8/11 
7/10 
8/11 
ANDB 
(2-op) 
4 
4 
6/8 
7/9 
6/8 
7/9 
ORB 
(2-op) 
4 
4 
6/8 
7/9 
6/8 
7/9 
XORB 
4 
4 
6/8 
7/9 
6/8 
7/9 


LD/LDB 
4 
5 
5/8 
6/8 
6/9 
7/10 
ST/STB 
4 
5 
5/8 
6/9 
6/9 
7/10 
LDBSE 
4 
4 
5/8 
6/8 
6/9 
7/10 
LDBZE 
4 
4 
5/8 
6/8 
6/9 
7/10 


BMOV 
6+8 
perword 
6 + 11/14perword 


PUSH (intstack) 
6 
7 
9/12 
10/13 
10/13 
11/14 
POP (intstack) 
8 
- 
10/12 
11/13 
11/13 
12/14 
PUSH (extstack) 
8 
9 
11/14 
12/15 
12/15 
13/16 
POP (extstack) 
11 
- 
13/15 
14/16 
14/16 
15/17 


NOTE: 
1. Execution times for instructions accessing external data memory may be one to two states higher depending on the 
instruction stream being executed. In sixteen bit mode, the minimum execution state times apply for instruction accessing 
internal register space. Execution times do not reflect eight bit mode or insertion of wait states. 


! . - 
----- ,-_ ................• 
. 


MNEMONIC 
MNEMONIC 


PUSHF (int stack) 
6 
PUSHF (ext stack) 
8 
POPF (int stack) 
7 
POPF (ext stack) 
10 
PUSHA (int stack) 
12 
PUSHA (ext stack) 
18 
POPA (int stack) 
12 
POPA (ext stack) 
18 


TRAP (int stack) 
16 
TRAP (ext stack) 
18 
LCALL (int stack) 
11 
LCALL (ext stack) 
13 
SCALL (int stack) 
11 
SCALL (ext stack) 
13 
RET (int stack) 
11 
RET (ext stack) 
14 


CMPL 
7 
OEC/OECB 
3 
CLR/CLRB 
3 
EXT/EXTB 
4 
NOTINOTB 
3 
INC/INCB 
3 
NEG/NEGB 
3 


WMP 
7 
SJMP 
7 
BR [indirect] 
7 
JNST, JST 
4/8 jump not taken/jump 
taken 
JNH,JH 
4/8 jump not taken/jump 
taken 
JGT, JLE 
4/8 jump not taken/jump 
taken 
JNC, JC 
4/8 jump not taken/jump 
taken 
JNVT,JVT 
4/8 jump not taken/jump 
taken 
JNV, JV 
4/8 jump not taken/jump 
taken 
JGE,JLT 
4/8 jump not taken/jump 
taken 
JNE, JE 
4/8 jump not taken/jump 
taken 
JBC, JBS 
5/9 jump not taken/jump 
taken 


OJNZ 
5/9 jump not taken/jump 
taken 
OJNZW (Note 1) 
5/9 jump not taken/jump 
taken 


NORML 
8 + 1 per shift (9 for 0 shift) 
SHRL 
7 + 1 per shift (8 for 0 shift) 
SHLL 
7 + 1 per shift (8 for 0 shift) 
SHRAL 
7 + 1 per shift (8 for 0 shift) 
SHR/SHRB 
6 + 1 per shift (7 for 0 shift) 
SHL/SHLB 
6 + 1 per shift (7 for 0 shift) 
SHRAISHRAB 
6 + 1 per shift (7 for 0 shift) 


CLRC 
2 
SETC 
2 
01 
2 
EI 
2 
CLRVT 
2 
NOP 
2 
RST 
15 (includes fetch of configuration 
byte) 
SKIP 
3 
10LPO 
8/25 (proper key/improper 
key) 


NOTE: 
1. The DJNZW instruction is not guaranteed to work. See Functional Deviations section. 


EXTERNAL MEMORY OR 1/0 


INTERNAL ROM IE PROM OR 
EXTERNAL MEMORY 


RESERVED 


UPPER 8 INTERRUPT VECTORS 


ROMIEPROM 
SECURITY KEY 


RESERVED 


CHIP CONFIGURATION 
BYTE 


RESERVED 


LOWER 8 INTERRUPT VECTORS 
PLUS 2 SPECIAL INTERRUPTS 


PORT 3 AND PORT 4 


EXTERNAL MEMORY OR 1/0 


INTERNAL DATA MEMORY· 
REGISTER FILE 
(STACK POINTER, RAM AND SFRS) 
EXTERNAL PROGRAM CODE MEMORY 


STACK POINTER 


'IOS2 


IOS1 


10SO 


'WSR 


'INT 
MASK' 


'INT 
PEND1 


'SP_STAT 


PORT2 


PORT1 


PORTO 


TIMER2 (HI) 


TIMER2 (LO) 


TIMER1 (HI) 


TIMER1 (LO) 


INT_PEND 


INT_MASK 


SBUF(RX) 


HSI 
STATUS 


HSI_TIME 
(HI) 


HSI_TIME 
(LO) 


AD 
RESULT (HI) 


AD 
RESULT (LO) 


ZERO REG (HI) 


ZERO REG (LO) 


Source 
Vector 
Priority 
Number 
Location 


INT15 
NMI 
203EH 
15 


INT14 
HSI FIFO Full 
203CH 
14 


INT13 
EXTINT 
Pin 
203AH 
13 


INT12 
TIMER2 
Overflow 
2038H 
12 


INT11 
TIMER2 
Capture 
2036H 
11 


INT10 
4th Entry into HSI FIFO 
2034H 
10 


INT09 
RI 
2032H 
9 


INT08 
TI 
2030H 
8 


SPECIAL 
Unimplemented 
Opcode 
2012H 
N/A 


SPECIAL 
Trap 
2010H 
N/A 


INTO? 
EXTINT 
200EH 
? 


INT06 
Serial Port 
200CH 
6 


INT05 
Software 
Timer 
200AH 
5 


INT04 
HSI.O Pin 
2008H 
4 


INT03 
High Speed Outputs 
2006H 
3 


INT02 
HSI Data Available 
2004H 
2 


INT01 
AID 
Conversion 
Complete 
2002H 
1 


INTOO 
Timer Overflow 
2000H 
0 


STACK POINTER 


PWM 
CONTROL 


IOC1 


lOCO 


'WSR 


'INT 
MASK1 


'INT_PEND' 


'SP_CON 


PORT2 


PORT' 


BAUD RATE 


TIMER2 (HI) 


TIMER2 (LO) 


'IOC2 


WATCHDOG 


INT_PEND' 


INT_MASK 


SBUF(TX) 


HSO 
COMMAND 


HSO_ TIME (HI) 


HSO_ TIME (LO) 


HSI 
MODE 


AD 
COMMAND 


ZERO REG (HI) 


ZERO REG (LO) 


OFH 
RESERVEDI') 


OEH 
RESERVEDI') 


ODH 
'T2 CAPTURE (HI) 


OCH 
'T2 CAPTURE (LO) 


OTHER SFRS IN WSR 15 BECOME 
READABLE: 
IF THEY WERE WRITABLE 
IN WSR ~ 0 AND WRITABLE IF THEY 
WERE READABLE IN WSR ~ 0 


PPW 


WSR ~ 14 


NOTE: 
,. RESERVED REGISTERS SHOULD 
NOT BE WRITIEN 


inter 


I/O register expansion 
on the new CHMOS members 
of the MCS-96 family has been provided 
by making three 
register 
windows 
available. 
Switching 
between 
these 
windows 
is done 
using 
the Window 
Select 
Register 


(WSR). The PUSHA and POPA instructions 
can be used to push and pop the WSR and second 
interrupt 
mask 


when entering 
or leaving 
interrupts, 
so it is easy to change 
between 
windows. 


On the 87C196KB 
only Window 
0, Window 
14 and Window 
15 are active. Window 
0 is a true superset 
of the 
standard 
8096 SFR space, while Window 
15 allows the read-only 
registers 
to be written 
and write-only 
regis- 


ters to be read. The only major exception 
to this is the Timer2 
register which is the Timer2 
capture 
register 
in 


Window 
15. The 
writeable 
register 
for Timer2 
is in Window 
O. There 
are also 
some 
minor 
changes 
and 
cautions. 
Window 
14 contains 
the Programmable 
Pulse Width register (PPW) at location 
14H. The descriptions 
of the registers 
which 
have different 
functions 
in Window 
15 than in Window 
0 are listed below: 


AD_COMMAND 
(02H) 
- 
Read the last written 
command 


AD_RESULT 
(02H, 03H) - 
Write a value into the result register 


HSI_MODE 
(03H) 
- 
Read the value in HSI_MODE 


HSI_ TIME (04H,05H) 
- 
Write to FIFO Holding 
register 


HSO_TIME 
(04H,05H) 
- 
Read the last value placed 
in the holding 
register 


HSI_STATUS 
(06H) 
- 
Write to status bits but not to HSI pin bits. (Pin bits are 1,3,5,7). 


HSO_COMMAND 
(06H) 
- 
Read the last value placed 
in the holding 
register 


SBUF(RX) 
(07H) 
- 
Write a value into the receive 
buffer 


SBUF(TX) 
(07H) 
- 
Read the last value written 
to the transmit 
buffer 


WATCHDOG(OAH) 
- 
Read the value in the upper byte of the WDT 


TIMER1 
(OAH,OBH) 
- 
Write a value to Timer1 


TIMER2 
(OCH,ODH) 
- 
Read/Write 
the Timer2 
capture 
register. 


Note that Timer2 
read/write 
is done with WSR = O. 


- 
Last written 
value is readable, 
except 
bit 7 (note 1) 


- 
No function, 
cannot 
be read 


- 
No function, 
no output 
drivers 
on the pins. Registers 
reserved. 


- 
IOPORT1 
cannot 
be read or written 
in Window 
15. Register 
reserved. 


- 
Set the status 
bits, TI and RI can be set, but it will not cause an interrupt 


- 
Read the current 
control 
byte 


- 
Writing to this register controls 
the HSO pins. Bits 6 and 7 are inactive 
for writes. 


- 
Last written 
value is readable, 
except 
bit 1 (note 1) 


- 
Writing to this register will set the status bits, but not cause interrupts. 
Bits 6 and 


7 are not functional 


- 
Last written 
value is readable 


- 
Writing to this register 
will set the status bits, but not cause interrupts. 


- 
Read the duty cycle value written 
to PWM_CONTROL 


IOC2 (OBH) 


BAUD_RATE 
(OEH) 


PORTO (OEH) 


PORT1 (OFH) 


SP_STAT 
(11H) 


SP_CON 
(11 H) 


10SO (15H) 


lOCO (15H) 


IOS1 (16H) 


IOC1 (16H) 


IOS2 (17H) 


PWM_CONTROL 
(17H) 


NOTE: 
1. IOC2.7 (CAM CLEAR) 
and IOCO.1 (T2RST) 
are not latched 
and will read as a 1 (precharged 
bus) . 


Being able to write to the read-only 
registers 
and vice-versa 
provides 
a lot of flexibility. 
One of the most useful 


advantages 
is the ability to set the timers 
and HSO lines for initial conditions 
other than zero. 


Reserved 
registers 
may be used for testing 
or future 
features. 
Do not write to these 
registers. 
Reads 
from 


reserved 
registers 
will return indeterminate 
values. 


A summary of the SFRs which control I/O functions has been included in this section. The summary is 
separated into a list of those SFRs which have changed on the 87C196KB and a list of those which have 
remained the same. 


The following 87C196KB SFRs are different than those on the 8096BH: 
(The Read and Write comments indicate the register's function in Window 0 unless otherwise specified.) 


SBUF(TX): 
07h 
write 


BAUD RATE: 
OEh 
write 


7 
6 
5 
4 
3 
2 
1 
0 


RB8/ 
RI 
TI 
FE 
TXE 
OE 
X 
X 
RPE 


11 h 
read 


RPE: 
RI: 


T1: 
FE: 
TXE: 
OE: 


Receive Parity Error 
Receive Indicator 
Transmit Indicator 
Framing Error 
Transmitter Empty 
Receive Overrun Error 


IPEND1: 
IMASK1: 


12h,13h 
read/write 


7 
6 
5 
4 
3 
2 
1 
0 


NMI 
FIFO 
EXT 
T2 
T2 
HSI4 
RI 
TI 
FULL 
INT 
OVF 
CAP 


NMI : 
Non·Maskable Interrupt (Set to zero for future compatibility) 
FIFO FULL: HSIO FIFO full 
EXTINT: 
External Interrupt Pin 
T20VF : 
Timer2 Overflow 
T2CAP : 
Timer2 Capture 
HSI4 : 
HSI has 4 or more entries in FIFO 
RI : 
Receive Interrupt 
TI : 
Transmit Interrupt 


inter 


14h 
read/write 


17h 
read 


OSh 
write 


WWWW = 
0: 
SFRs function 
like a superset 
of 8096 SFRs 


WWWW= 
14: 
PPW register 


WWWW = 15: 
Exchange 
read/write 
registers 


WWWW=OTHER 
: Undefined, 
do not use 


000 : 
These 
bits must always 
be written 
as zeros to provide 
compatibility 


with future 
products. 


HLDEN = 1 : 
Enables 
the HOLD/HLDA 
bus protocol 


7 
6 
5 
4 
3' 
2 
1 
0 


START 
T2 
HSO.5 
HSO.4 
HSO.3 
HSO.2 
HSO.1 
HSO.O 
A2D 
RESET 


Indicates 
which 
HSO event occured 


START A2D: 
HSO_CMD 
15, start A to 0 


T2RESET 
: 
HSO_CMD 
14, Timer 2 reset 


HSO.0-5 : 
Output 
pins HSO.O through 
HSO.5 


7 
6 
5 
4 
3 
2 
1 
0 


CLEAR 
ENA 
T2ALT 
A2D 
X 
SLOW 
T2UD 
FAST 
CAM 
LOCK 
INT 
CPO 
PWM 
ENA 
T2EN 


CLEAR_CAM: 


ENA-LOCK: 


T2ALTINT: 


A2D_CPD: 


Clear Entire CAM 


Enable 
lockable 
CAM entry feature 


Enable T2 Alternate 
Interrupt 
at 8000H 


Clock 
Pre scale Disable 
for low XT AL frequency 
(A to 0 conversion 
in 


fewer state times) 


Set to zero 


Turn on divide by 2 Prescaler 
on PWM 


Enable Timer 2 as up/down 
counter 


Enable 
Fast increment 
of T2; once per state time. 


X: 


SLOW_PWM: 


T2UD ENA: 


FAST_T2EN: 


:] 


CHANNEL 
# SELECTS 
WHICH 
OF THE 8 


ANALOG 
INPUT 
CHANNELS 
IS TO BE 


CONVERTED 
TO DIGITAL 
FORM. 


STATUS: 


0= 
AID 
CURRENTLY 
IDLE 


1 = CONVERSION 
IN PROCESS 
GO INDICATES 
WHEN 
THE CONVERSION 
IS TO 
BE INITIATED (GO = 1 MEANS 
START 
NOW, 


GO = 0 MEANS 
THE CONVERSION 
IS TO BE 
INITIATED 
BY THE HSO 
UNIT 
AT A SPECIFIED 
TIME). 


SET UPPER 
FOUR 
BITS TO ZERO 


x 


X 


AID 
RESULT: 
LEAST 
SIGNIFICANT 
2 BITS 
;} 


POWERDOWN ~ODE ENABLE· 


BUS WIDTH SELECT 
(16 - BIT BUS/S---B-'T-B-U-S) 


WRITE STROBE ~ODE SELECT 
(~ 
AND BH£/WRC 
AND WRH) 


ADDRESS VALID STROBE SELECT 


(ALEI 
ADV) 


(IRCO) 
} INTERNAL READY CONTROL 


(lRC!) 
~ODE 


(LOCO) } 
(LOCI) 
PROGRA~ 
LOCK ~ODE 


270590-5 


HSI.O STATUS 


HSI.l 
STATUS 


HSI.2 
STATUS 


HSI.3 
STATUS 


WHERE FOR EACH 2 - BIT STATUS FIELD THE LOWER 
BIT INDICATES WHETHER OR NOT AN EVENT HAS 
OCCURED ON THIS PIN AND THE UPPER BIT INDICATES 
THE CURRENT STATUS OF THE PIN. 


SPCON 
(11H) 


BIT. 1, BIT.O SPECIFY THE ~ODE 
0.0 = ~ODEO 
1.0 = ~ODE2 
0.1 = ~ODE 1 
1. 1 = ~ODE 3 


PEN ENABLE THE PARITY FUNCTION 


REN ENABLES THE RECEIVE FUNCTION: 


TBB PROGRA~S THE 9TH DATA BIT 


HSI.O ~ODE 


HSI.l 
~ODE 


HSI.2 
~ODE 


HSI.3 
~ODE 


WHERE EACH 2 - BIT ~ODE CONTROL FIELD 
DEFINES ONE OF <4POSSIBLE ~ODES: 


00 
B POSITIVE TRANSITIONS 
01 
EACH POSITIVE TRANSITION 
10 
EACH NEGATIVE TRANSITION 
11 
EVERY TRANSITION 
(POSITIVE AND NEGATIVE) 


HSO Command 
(06H) 


CHANNEL: 0-5 
HSO.O - HSO.5 


] 


6 
HSO.O AND HSO.l 
BIT: 
7 
HSO.2 AND HSO.3 


B-B 
SOFTWARE TI~ERS 


C-D 
RESERVED FOR FUTURE USE· 


E 
RESET TI~ER2 


F 
START AID 
CONVERSION 


INTERRUPTI NO INTERRUPT 


SETI CLEAR 


TI~ER 2/TI~ER 
1 


LOCK CA~· 


HSO.O CURRENT STATE 


HSO.l 
CURRENT STATE 


HSO.2 
CURRENT STATE 


HSO.3 CURRENT STATE 


HSOA 
CURRENT STATE 


HSO.5 
CURRENT STATE 


CA~ QB HOLDING REGISTER IS FULL 


HSO HOLDING REGISTER IS FULL 


lOCO (15H) 


HSI.O INPUT ENABLE / DISABLE 


TIMER 2 RESET EACH WRITE 


HSI.l 
INPUT ENABLE / DISABLE 


TIMER 2 EXTERNAL RESET ENABLE / DISABLE 


HSI.2 
INPUT ENABLE / DISABLE 


TIMER 2 RESET SOURCE HSI.O /T2RST 


HSI.3 
INPUT ENABLE / DISABLE 


TIMER 2 CLOCK SOURCE HSI.l 
/T2CLK 


270590-11 


IOSl(16H) 


0 
SOFTWARE TIMER 0 EXPIRED 


SOFTWARE TIMER 1 EXPIRED 


2 
SOFTWARE TIMER 2 EXPIRED 


3 
SOFTWARE TIMER 3 EXPIRED 


4 
TIMER 2 HAS OVERFLOW 


5 
TIMER 1 HAS OVERFLOW 


6 
HSI FIFO IS FULL 


7 
HSI HOLDING REGISTER DATA AVAILABLE 


270590-12 


o 
SELECT PWM / SELECT P2.5 


EXTERNAL INTERRUPT ACH7 / EXTINT 


2 
TIMER 1 OVERFLOW INTERRUPT ENABLE / DISABLE 


3 
TIMER 2 OVERFLOW INTERRUPT E~ABLE / DISABLE 


4 
HSO.4 
OUTPUT ENABLE / DISABLE 


5 
SELECT TXD / SELECT P2.0 


6 
HSO.5 
OUTPUT ENABLE / DISABLE 


HSI INTERRUPT 
FIFO FULL / -H-OL-D-IN-G-R-E-G-IS-TE-R-L-O-A-D-ED 


270590-13 


Pin 
Func. 
Alternative 
Control 


Function 
Reg. 


2.0 
Output 
TXD (Serial Port 
IOC1.5 


Transmit) 


2.1 
Input 
RXD (Serial Port 
SPCON.3 


Receive) 


2.3 
Input 
T2CLK (Timer2 Clock 
IOCO.7 


& Baud) 


2.4 
Input 
T2RST (Timer2 Reset) 
IOCO.5 


2.5 
Output 
PWM Output 
IOC1.0 


2.6 
QBD' 
Timer2 up/ 
IOC2.1 


down select 


2.7 
QBD' 
Timer2 Capture 
N/A 


Asynchronous 
Modes 
1, 2 and 3: 


XTAL1 
1 OR 
T2CLK 


Baud-Reg = BaudRate x 16 
BaudRate x e 


Synchronous 
Mode 
0: 


XTAL1 
1 OR 
T2CLK 


Baud-Reg = BaudRatex 2 
BaudRate 


Baud 
XTAL 
Frequency 


Rate 
8.0 MHz 
10.0 MHz 
12.0 MHz 


300 
1666 
-0.02 
2082 
0.02 
2499 
0.00 


1200 
416 
-0.08 
520 
-0.03 
624 
0.00 


2400 
207 
0.16 
259 
0.16 
312 
-0.16 


4800 
103 
-0.16 
129 
0.16 
155 
0.16 


9600 
51 
-0.16 
64 
0.16 
77 
0.16 


19.2K 
25 
0.16 
32 
1.40 
38 
0.16 


A maximum 
baud rate of 750 Kbaud 
is available 
in 


the asynchronous 
modes 
with 
12 MHz on XTAL 1. 


The synchronous 
mode has a maximum 
rate of 3.0 


Mbaud 
with a 12 MHz clock. 
Location 
OEH is the 


Baud Register. 
It is loaded sequentially 
in two bytes, 


with 
the 
low byte 
being 
loaded 
first. 
This 
register 


may not be loaded 
with zero in serial port Mode O. 


NOTE: 
The maximum 
T2CLK 
rate is 3 MHz when 
used to 


set the baud rate. 


The 87C196KB supports a bus exchange protocol, 
allowing other devices that are capable of acting as 
bus masters to gain control of the bus. The hand 
shake consists of three signals, HOLD, HLDA and 
BREQ. HOLD, which is an input, is activated by a 
bus master which requires control of the bus. The 
87C196KB responds by releasing the bus and acti- 
vating the HLDA output line. When the new bus 
master is finished with the bus, it returns control of 
the bus to the 87C196KB by dropping its hold reo 
quest. In response, the 87C196KB removes its hold 
acknowledge and assumes control of the bus. The 
third signal, BREQ, is activated by the 87C196KB 
when it is in hold and has a pending external bus 
cycle. The 87C196KB deactivates this sig.nalat t~e 
same time it removes the acknowledge signal. Fig- 
ure 4 shows the bus timing for HOLD/HLDA. 


The HOLD, HLDA and BREQ signals are multiplexed 
with P1.7, P1.6 and P1.5 respectively. To enable the 
bus hold feature on these pins instead of the Port1 
feature, the HLDEN(WSR.7) must be set to one. 
This bit is cleared during reset and must be set by 
software to configure the pins as well as to enable 
the bus hold feature. Once this bit is set, the three 
most significant pins of Port1 cannot be restored to 
their I/O function without (esetting the part. The bus 
hold feature, however, can be disabled by clearing 
the HLDEN. 


When the 87C196KB acknowledges the hold re- 
quest, the output buffers for Port3, Port4 and a!!..!!!e 
bus control signals, (ALE, BHE, INST, RD and WR), 
are turned off. Although the strong pullup and pull- 
down on ALE are disabled during hold acknowledge, 
a weak pulldown is turned on to provide an option to 
wire OR the ALE with other bus masters. The re- 
quest to hold acknowledge latency is dependent on 
the state of the bus controller. 


The maximum hold latency is the maximum time be- 
fore the 87C196KB will respond with HLDA to an 
incoming HOLD. The minimum hold latency is half a 
state with one or two states added depending upon 


if the part is executing out of internal or external 
memory. The latency for entering the bus hold state 
from idle mode is the same as the timing when the 
part is executing out of the internal memory. The 
maximum latency is shown below: 


Table 2. Maximum 
Hold Latency 


Max Hold Latency 


Internal Execution 
1% States 


External Execution 
2% States 


Idle Mode 
1% States 


There 
is no delay between the time that 
the 


87C196KB removes the HLDA and when it takes 
control of the bus. After the hold request is removed, 
the 87C196KB will drop the hold acknowledge in the 
following state and assume control of the bus. 


BREQ is activated when the part is in hold and it 
needs to do an external memory cycle. Once acti- 
vated, it stays active until the hold request is re- 
moved. At the earliest, this signal can go active with 
HLDA, regardless of which memory space the part 
was executing out of when the hold was requested. 


Hold requests do not freeze the 87C196KB when 
executing out of internal memory. The part contin- 
ues executing and servicing interrupt requests as 
long as the code and data needed reside in internal 
memory. As soon as the part needs to access exter- 
nal memory, it stops executing and waits for the hold 
request to be removed. At this point, the part cannot 
respond to any interrupt requests until hold request 
is dropped. 


A hold request will freeze the 87C196KB if it is exe- 
cuting 
out 
of 
the 
external 
memory. After 
the 


87C196KB acknowledges the request, it continues 
running until either the instruction queue becomes 
empty or it needs to perform an external data cycle. 
Normally, this will happen a few states after the 
87C196KB 
grants 
HLDA. 
In 
this 
situation 
the 


87C196KB is not able to service any interrupt re- 
quests. The 87C196KB will respond to hold requests 
while in the idle mode. (In the idle mode, the values 
of the Port 3 and Port 4 data registers are forced 
onto the port pins and the control signals are 
driven.) 


HLDEN(WSR.7) can be cleared to block hold reo 
quests in cases where consecutive memory cycles 
are required. Clearing this bit, however, does not 
cause the 87C196KB to take control of the bus im- 
mediately. The part waits until the current hold reo 
quest is over, then it disables the bus hold feature, 
causing a new hold request to be ignored until 
HLDEN is set again. Since there is a delay from the 
time the code for clearing the bit is fetched to the 
time the bit is actually cleared, the code that clears 


HLDEN must be a few instructions ahead of the 
block that needs to be protected against hold reo 
quests. The safest way is to add a JNB instruction to 
check the status of the HLDA pin after the code that 
clears the HLDEN bit. A code example is given in 
Figure 5. This prevents the part from executing a 
new instruction until both current hold requests are 
serviced and the hold feature is disabled. 


CLKOUT 


HOLD 


HLDA 


BREO 
CYCLE 
\ 
/ 
PENDING 


PORT34 
I 
FLOATED 
\ 


Ri5 WR 
I 
FLOATED 
\ 
BHE,INST 


ALE 
\ 
/ 


DI 
ANDB WSR, 
#OEFH 
WAIT: 
JBC PORTl, 6, WAIT 


disable interrupts 
disable hold request 
Check the HLDA pin 
If set, execute 
protected 
instructions 


ORB WSR, # 80h 
EI 
enable HOLD requests 
enable interrupts 


NOTE: 
Interrupts 
should 
be disabled 
to prevent 
code 
interruption 


inter 


The 87C196KB contains 8 Kbytes of ultraviolet Eras- 
able 
and 
Electrically 
Programmable Read Only 
Memory (EPROM) for internal storage. This memory 
can be programmed in a variety of ways including at 
run-time under software control. 


The EPROM is mapped into memory locations 
2000H through 3FFFH if EA is a TTL high. However, 
applying + 12.75V to EA when reset is asserted will 
place 
the 
87C196KB 
in 
EPROM 
Programming 
Mode. The Programming Mode has been imple- 
mented to support EPROM programming and verifi- 
cation. 


When an 87C196KB is in Programming Mode, spe- 
cial hardware functions are available to the user. 
These functions include algorithms for slave, gang 
and auto EPROM programming. 


Three flexible EPROM programming modes are 
available on the 87C196KB-auto, slave and run- 
time. 
These 
modes 
can 
be 
used 
to 
program 


87C196KBs in a stand alone, gang or run-time envi- 
ronment. 


The Auto Programming Mode enables an 87C196KB 
to program itself with the 8 Kbytes of code beginning 
at address 4000H on its external bus. The Slave 


Mode provides a standard interface that enables any 
number of 87C196KBs to be programmed by a mas- 
ter device such as an EPROM programmer. The 
Run-Time Mode allows individual EPROM locations 
to be programmed at run-time under complete soft- 
ware control. 


In the Programming Mode, some I/O pins have been 
renamed. These new pin functions are used to de- 
termine the programming function that is performed, 
provide programming ALEs, provide slave 10 num- 
bers and pass error information. Figure 7 shows how 
the pins are renamed. Figure 8 describes each new 
pin function. 


While in Programming Mode, PMOOE selects the 
programming function that is performed (see Figure 
6). When not in the Programming Mode, Run-Time 
programming can be done at any time. 


PMODE 
Programming 
Mode 


0-4 
Reserved 


5 
Slave Programming 


6-0BH 
Reserved 


OCH 
Auto Programming 


OOH 
Program Configuration Byte 


OEH-OFH 
Reserved 


SELECTS 
PROGRAMMING 
MODE 
EA 
PO.7 
PO.6 
po.s 
PO.4 


HSI.O 
HSI.l 
HSI.2 
HSI.3 
P2.4 


87C196KB 


COMMAND DATA PATH 


PACT 


PALE 


PROG 


PVER 


AINC 


inter 


Name 
Function 


PMODE 
Programming 
Mode Select. Determines 
the EPROM programming 
algorithm 
that is 
performed. 
PMODE is sampled 
after a chip reset and should be static while the part is 
operating. 


SID 
Slave 10 Number. 
Used to assign each slave a pin of Port 3 or 4 to use for passing 
programming 
verification 
acknowledgement. 
For example, 
if gang programming 
in the Slave 
Programming 
Mode, the slave with SID=001 
will use Port 3.1 to signal correct or incorrect 
program verification. 


PALE 
Programming 
ALE Input. Accepted 
by an 87C196KB 
that is in Slave Programming 
Mode. 
Used to indicate 
that Ports 3 and 4 contain a command/address. 


PROG 
Programming. 
Falling edge indicates 
valid data on PBUS and the beginning 
of programming. 


Rising edge indicates 
end of programming. 


PACT 
Programming 
Active. Used in the Auto Programming 
Mode to indicate when programming 
activity is complete. 


PVER 
Program Verification. 
Signal is low after rising edge of PROG if the programming 
was not 
successful. 


AINC 
Auto Increment. 
Active low signal indicates 
that the auto increment 
mode is enabled. 
Auto 
Increment 
will allow reading or writing of sequential 
EPROM locations 
without 
address 
transactions 
across the PBUS for each read or write. 


PORTS 
Address/Command/Data 
Bus. Used to pass commands, 
addresses 
and data to and from 
slave mode 87C196KBs. 
Used by chips in Auto Programming 
Mode to pass command, 


addresses 
and data to slaves. Also used in the Auto Programming 
Mode as a regular system 


bus to access external 
memory. Should have pullups to Vcc (15 k!l). 


Figure 8. Programming 
Mode Pin Definitions 


To guarantee 
proper 
execution, 
the pins of PMODE 
AUTO PROGRAMMING 
MODE 


and SID must 
be in their 
desired 
state 
before 
the 


RESET 
pin is allowed 
to rise 
and 
reset 
the 
part. 
Once the part is reset, it is in the selected 
mode and 


should 
not be switched 
to another 
mode without 
a 


new reset sequence. 


When 
EA selects 
the Programming 
Mode, the chip 


reset 
sequence 
loads 
the CCR from 
the 
Program- 


ming Chip Configuration 
Byte (PCCB). This is a sep- 


arate EPROM location 
that is not mapped under nor- 


mal operation. 
PCCB 
is only 
important 
when 
pro- 


gramming 
in the 
Auto 
Programming 
Mode. 
In this 


mode, the 87C196KB 
that is being programmed 
gets 


the data to be programmed 
from 
external 
memory 


over the system bus. Therefore, 
PCCB must correct- 


ly correspond 
to the memory 
system in the program- 


ming setup, which is not necessarily 
the memory 
or· 
ganization 
of the application. 


The 
following 
sections 
describe 
87C196KB 
pro- 


gramming 
in each programming 
mode. 


The Auto Programming 
Mode provides 
the ability to 


program 
the 
internal 
87C196KB 
EPROM 
without 


having to use a special 
EPROM 
programmer. 
In this 


mode, the 87C196KB 
simply programs 
itself with the 


data 
found 
at 
external 
locations 
4000H 
through 


5FFFH. 
Location 
4014H 
in external 
memory 
should 


contain 
the value to be loaded 
into the PPW which 


determines 
the programming 
pulse width. All that is 


required 
is that some sort of external 
memory 
reside 


at these locations, 
that EA selects the Programming 


Mode, location 
4014h contain 
the proper 
PPW value 


and that Vpp is applied. 
Figure 9 shows 
a minimum 


configuration 
for using an 8K x 8 EPROM 
to pro- 


gram 
one 
87C196KB 
in 
the 
Auto 
Programming 


Mode. 


The 
87C196KB 
first 
reads 
a word 
from 
external 


memory, 
then 
the 
Modified 
Quick-Pulse 
Program- 


ming™ 
Algorithm 
(described 
later) 
is used 
to pro- 


gram 
the 
appropriate 
EPROM 
location. 
Since 
the 


erased 
state 
of a byte is OFFH, the Auto 
Program- 


ming Mode will skip locations 
where the data to be 


inter 


RESET 


HSI.O-HSI.3 


RXO 


T2CLK 


T2RST 


EXTINT 


NMI 
REAOY 


COE 
BUSWIOTH 


EA 


NOTE: 
• Inputs must be driven high or low 


74LS 
373 


G 
EN 


programmed is OFFH.When all 8K have been pro- 
grammed, PACT goes high and the part outputs a 0 
on Port 3.0 if it programmed correctly and a 1 if it 
failed. 


AUTO CONFIGURATION 
BYTE 
PROGRAMMING 
MODE 


The CCB (location 2018H) can be treated just like 
any other EPROM location, and programmed using 
any programming mode. But to provide for simple 
programming of the CCB when no other locations 
need to be programmed, the Auto Configuration 
Byte Programming Mode is provided. Programming 
in this mode also programs PCCB. Figure 10 shows 
a block diagram for using the Auto Configuration 
Byte Programming Mode. 


With PMOOE = OOHand OFFhon Port 4, the CCB 
and PCCB will be programmed with the value on 
Port 3 when a logic 0 is placed on PALE. After pro- 
gramming is complete, PVER will be driven to a 1 if 
the byte's programmed correctly, and a 0 if the pro- 
gramming failed. 


This method of programming is the only way to pro- 
gram 
PCCB. PCCB is a 
non-memory 
mapped 
EPROM location that gets loaded into CCR during 


the reset sequence when the voltage on EA puts the 
87C196KB in Programming Mode. If PCCB is not 
programmed using the Auto Configuration Byte Pro- 
gramming Mode, every time the 87C196KB is put 
into Programming Mode the CCR will be loaded with 
OFFH(the value of the erased PCCB location). 


NOTES: 
Tie Port 3 to the value desired to be programmed into 
CCS and PCCS. 
Make all necessary minimum connections for power, 
ground and clock. 


Any number of 87C196KBs can be programmed by 
a master programmer through the Slave Program- 
ming Mode. 


In this mode, the 87C196KB resembles a simple 
EPROM device and is intended for use with a stan- 
dard EPROM programmer. The 87C196KB can re- 
spond to three different commands while in this 
mode: data program, data verify and word dump. 
These commands, along with the transfer of appro- 
priate data and addresses are selected ~sing Ports 3 
and 4 and five other pins for handshaking. The two 
most significant bits specify the command and the 
lower 14 bits contain addressing information. The 
87C196KB receives an input signal, PALE(P2.1), to 
indicate that a valid command is present at the in- 
puts. Another input signal, PROG(P2.2), is used to 
cause the 87C196KB to read in or output a data 
word. An output signal, PVER(P2.0), is used by the 
87C196KB to indicate if the programming attempt 
was successful. AINC(P2.4) is used to automatically 
increment the address for the data program and 
word dump commands. A single bit on Port 3 or 4 is 
used to indicate correct programming with the data 
verify command. There is no 87C196KB dependent 
limit to the number of parts that can be gang pro- 
grammed in the slave mode. 


In order to guarantee programming for the life of the 
EPROM, the modified quick pulse algorithm should 
be used. Programming the part using a simple pro- 
gramming pulse at Vcc and verified using PVER,will 
only guarantee the programmed cell at Vcc. The 
programmed cell will not be guaranteed at Vcc mar- 
gins for the life of the part. The ~odified quick puls.e 
algorithm calls for 25 programming cycles and Will 
guarantee the programmed cell. 


The commands sent to the slaves are 16 bits wide 
and contain two fields. Bits 14 and 15 specify the 
action that the slaves are to perform. Bit 0 through 
13 specify the address upon which the action is to 
take place. Commands are sent via Ports 3 and 4 
and are available to cause the slaves to program a 


word, verify a word, or dump a word (Table 1). The 
address part of the command sent to the slaves 
ranges from 2000H to 3FFFH and refers to the inter- 
nal EPROM memory space. The following sections 
describe each Slave Programming Mode command. 


Table 1. Slave Programming 
Mode Commands 


P4.7 
P4.6 
Action 


0 
0 
Word Dump 


0 
1 
Data Verify 


1 
0 
Data Program 
1 
1 
Reserved 


A data program command is sent to the slaves by 
setting P4.7 to 1 and P4.6 to 0 and bringing PALE 
low. After a Data Program Command has been sent 
to the slaves, PROG must be pulled low to cause the 
data on Ports 3 and 4 to be programmed into the 
location specified during the command. The falling 
edge of PROGis not only used to indicate ?ata valid, 
but also triggers the hardware programming of the 
word specified. The width of the PROG pin dete~- 
mines the programming pulse width. The slaves Will 
begin programming after PROGfalls, and will contin- 
ue to program the location until PROG rises. 


After the rising edge of PROG, the slaves automati- 
cally perform a verification of the address just pro- 
grammed. The result of this verification is then 
output on PVER (Program Verify). Therefore, verifi- 
cation information is available following the Data 
Program Command for programming systems th~t 
cannot use the data verify command. The AINC pin 
can be used to increment to the next location or a 
new command can be issued. 


If PVER of all slaves are 1s after PROG rises then 
the data program was successful for every slave. If 
PVER is a 0 in any slave, then the data programmed 
did not verify correctly in that part. Figure 8 shows 
the relationship of PALE, PROG, and PVER to the 
Command/Data Path on Ports 3 and 4 for the Data 
Program Command. 


PO:~ --< 
AOOR/COMMANO >--< 
DATA >--< 
AOOR/COMMANO 


\ 
1 
\_---- 
\_-_/ 


'__I 


AOOR 


VER BITS!WO DUMP 


AOOR+2 


VER BITS!WO DUMP 


\ 
1 


\ 
1 
\ 
1 


\_--------- 


When the Data Verify Command is sent, the slaves 
respond by driving one bit of Port 3 or 4 to indicate 
correct or incorrect verification of the previous Data 
Program. A 1 indicates correct verification, while a 0 
indicates incorrect verification. The SID (Slave 10 
Number) of each slave determines which bit of the 
command/data path is driven. If the SID is 13 then 
the P4.5 pin is the indicator. PROG from the pro- 
grammer governs when the slaves drive the bus. 
Figure 10 shows the relationship of Ports 3 and 4 to 
PALE and PROG. 


This command is always preceded by a Data Pro- 
gram Command in a programming system with as 
many as 16 slaves. However, a Data Verify Com- 
mand does not have to follow every Data Program 
Command. 


When the Word Dump Command is issued, the 
87C196KB being programmed adds 2000H to the 
address field of the command and places the value 
found at the new address on Ports 3 and 4. For ex- 
ample, sending the command #0100H to a slave 
will result in the slave placing the word found at loca- 
tion 2100H on Ports 3 and 4. PROG from the pro- 
grammer governs when the slave drives the bus. 
The signals are the same as shown in Figure 11. 


Note that this command will work only when just one 
slave is attached to the bus, and that there is no 
restriction on commands that precede or follow a 
Word Dump Command. 
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GANG PROGRAMMING 
WITH THE 
SLAVE 
PROGRAMMING 
MODE 


Gang programming of 87C196KBs can be done us- 
ing the Slave Programming Mode. There is no 
87C196KB based limit on the number of chips that 
may be hooked to the same Port3/Port4 data path 
for gang programming. 


If more than 16 chips are being gang programmed, 
the PVER outputs of each chip could be used for 
verification. The master programmer could issue a 
data program command, then either watch every 
chip's error signal, or AND all the signals together to 
get a system PVER. 


If 16 or fewer 87C196KBs are to be gang pro- 
grammed at once, a more flexible form of verification 
is available. By giving each chip being programmed 
a unique SID, the master programmer could then is- 
sue a data verify command after the data program 
command. When a verify command is seen by the 
slaves, each will drive one pin of Port 3 or 4 with a 1 
if the programming verified correctly or a 0 if pro- 
gramming failed. The SID is used by each slave to 
determine which Port 3, 4 bit it is assigned. 


However, if programming of the CCB and PCCB is 
done using this programming mode, the PCCB will 
take on the value programmed into CCB. This 
means that until the part is erased, programming ac- 
tivities that use the system will employ the bus width 
and controls selected by the user's CCB. 


Run-Time Programming of the 87C196KB is provid- 
ed to allow the user complete flexibility in the ways 
in which the internal EPROM is programmed. That 
flexibility includes the ability to program just one byte 
or one word instead of the whole EPROM, and ex- 
tends to the hardware necessary to program. The 
only additional requirement of a system is that a pro- 
gramming voltage is aeE!!ed to Vpp. Run-Time Pro- 
gramming is done with EA at TTL-high (normal oper- 
ation-internal/external access). 


To Run-Time program, the user writes a byte or 
word to the location to be programmed. The value of 
the PPW register will determine the programming 
pulse. The PPW register may not be available on 
future versions of the MCS-96 family. To ensure fu- 
ture compatibility, an algorithm using the idle mode 
should be used to program the part. Figure 13 
shows the algorithm which is recommended. The 
modified quick pulse algorithm is used to guarantee 
the programmed EPROM cell for the life of the part. 


PROGRAMMING 
PULSE WIDTH 
REGISTER 


In run time programming modes the width of the pro- 
gramming pulse is determined by the contents of the 
8-bit PPW register, which is located at address 04h 
in SFR plane 14. In the auto programming mode, the 
PPW is loaded from location 4014H in external 
memory. In order for the EPROM to program proper- 
ly the pulse width must be set to approximately 100 
IJos.With 12.75V on Vpp and a write to the EPROM 
done by the CPU, the write cycle is stretched by the 
time programmed in the PPW register. The pulse 
width is dependent on the oscillator frequency and is 
calculated using the following formula: 


Pulse Width = PPW' 
(Tosc 
• 8) 


PPW = 150 @ 12 MHz. 


NOTE: 
The PPW register will not be available in future pro- 
liferations. 


Protection mechanisms have been provided on the 
ROM and EPROM versions of the 87C196KB to in- 
hibit unauthorized accesses of internal program 
memory. However, there must always be a way to 
allow authorized program memory dumps for testing 
purposes. The following describes 87C196KB pro- 
gram lock feature and the mode provided for autho- 
rized memory dumps. 


Write protection is provided for EPROM parts, while 
READ protection is provided for both ROM and 
EPROM parts. 


Write protection is enabled by setting the LOCObit in 
the CCR to O.When WRITE protection is selected, 
the bus controller will cycle through the write se- 
quence, but will not actually drive data to the 
EPROM and will not enable Vpp to the EPROM. This 
protects the entire EPROM 2000H-3FFFH from in- 
advertent or unauthorized programming. 


Read protection is selected by causing the LOC1 bit 
in the CCR to take the value O.When READ protec- 
tion is enabled, the bus controller will only perform a 
data read from the address range 2020H-3FFFH if 
the slave program counter is in the range 2000H- 
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;program using Modified 
Quick Pulse 


* LDB INT__MASK,#ENABLE __SWT 
;program SWT for 


* LDB HSO__COMMAND,#SWTO __OVF 
;program pulse width 
* ADD HSO __TlME,TlMER1,#PROGRAM 
__PULSE 


* EI 
ST DATA __TEMP, [ADDR__TEMPl 


* IDLPD 1 
DJNZ COUNT, LOOP 


* POPF 
RET 


LD WSR, #14 
LD PPW, #VALUE 


POP ADDRESS __TEMP 
POP DATA __TEMP 


* PUSHF 
LD COUNT, #25T 


SWT__EXPlRED: 
*POP 0 


*RET 


;Initialize programmable 
;pulse width 


;Load program 
data 


;and address 


;enter idle mode until 
;swt expires 
;loop 25 times 


NOTE: 
"Not 
Really 
Needed 
on Current 
87C196KB 
Part 


Figure 13. Future Run-Time 
Programming 
Algorithm 


3FFFH. Note that since the slave PC can be many 
The ROM dump mode is entered just like any pro- 
bytes ahead of the CPU program counter, an instruc- 
gramming mode (EA = 12.75V), except that a spe- 
tion that is located after address 3FFAH may not be 
cial PMODEstrapping is used. The PMODEfor ROM 
allowed to access protected memory, even though 
dump is 6H (011Ob). 


the instruction is itself protected. 


If the bus controller receives a request to perform a 
READ of protected memory, the READ sequence 
occurs with indeterminant data being returned to the 
CPU. 


The value of EA is latched on reset so that the de- 
vice cannot be switched from external to internal ex- 
ecution mode at run-time. In addition, if READ pro- 
tection is selected, an NMI event will cause the 
device to switch to external only execution mode. 
Internal execution can only resume by resetting 
the chip. 


AUTHORIZED 
ACCESS 
OF 


PROTECTED 
MEMORY 


To 
provide 
a method 
of 
dumping the 
internal 


ROM/EPROM 
for testing purposes, a "Security 


Key" mechanism and ROM dump mode have been 
implemented. 


The security key is a 128-bit number, located in in- 
ternal memory, that must be matched before a ROM 
dump will occur. The application code contains the 
security key starting at location 2020H. 


The ROM dump sequence begins with a security key 
verification. Users must place at external locations 
4020H·402FH the same 16-byte key that resides in- 
side the chip at locations 2020H-202FH. Before do- 
ing a ROM dump, the chip checks that the keys 
match. 


When programming using the auto configuration or 
auto programming modes, security key verification 
will be done if the PPCB has read and/or write pro- 
tection enabled. After a successful key verification, 
the chip dumps data to external locations 4000H- 
5FFFH. Unspecified data appears at the low ad- 
dress. Internal EPROM/ROM is dumped to 4000H- 
5FFFH beginning with internal address 2000H. 


If a security key verification is not successful, the 
chip will put itself into an endless loop of internal 
execution. 


NOTE: 
Substantial effort has been expended to provide an 
excellent program protection scheme. However, In· 
tel cannot, and does not guarantee that the protec- 
tion methods that we have devised will prevent un- 
authorized access. 


The Modified Quick-Pulse Programming Algorithm 
calls for each EPROM location to receive 25 sepa- 
rate 100 J.Ls (± 5 J.Ls) programming cycles. Verifica- 
tion of correct programming is done after the 25 
pulses. If the location verifies correctly, the next lo- 
cation is programmed. If the location fails to verify, 
the location has failed. 


Once all locations are programmed and verified, the 
entire EPROM is again verified. 


Programming of 87C196KB parts is done with Vpp 
= 12.75V ± 0.25V and Vcc = 5.0V ± 0.5V. 


The modified Quick Pulse Algorithm must be used to 
guarantee programming for the life of the EPROM in 
run-time and slave programming modes. 


The 87C196KB contains a signature word at loca- 
tion 2070H. The word can be accessed in the slave 
mode by executing a word dump command. The 
programming voltage levels can be determined by 
reading locations 2072H and 2073h. The voltage 
levels are determined by the following equation. 


Voltage 
= 20/256 
• (test ROM data) 


The stored values for the signature word and volt- 
age levels are shown in Table 3. 


Description 
Location 
Value 


Signature Word 
2070H 
897CH 
Programming Vcc 
2072H 
040H 
(5.0V) 
ProgrammingVpp 
2073H 
OA3H 
(12.75V) 


Initially, and after each erasure, all bits of the 
87C196KB are in the "1" state. Data is introduced 
by selectively programming "O"s into the desired bit 
locations. Although only "O"s will be programmed, 
both "1 "s and "O"s can be present in the data word. 
The only way to change a "0" to a "1" is by ultravio- 
let light erasure. 


The erasure characteristics of the 87C196KB are 
such that erasure begins to occur upon exposure to 
light with wavelengths shorter than approximately 
4000 Angstroms (A). If should be noted that sunlight 
and certain types of fluorescent lamps have wave- 
lengths in the 3000-4000 A range. Constant expo- 
sure to room level fluorescent lighting could erase 
the typical 87C196KB in approximately 3 years, 
while it would take approximately 1 week to cause 
erasure when exposed to direct sunlight. If the 
87C196KB is to be exposed to light for extended 
periods of time, opaque labels must be placed over 
the EPROM's window to prevent unintentional era· 
sure. In power down, the part will draw more current 
than normal if the EPROM window is exposed to 
light. 


The 
recommended 
erasure 
procedure 
for 
the 


87C196KB is exposure to shortwave ultraviolet light 
which has a wavelength of 2537 A. The integrated 
dose (Le.,UV intensity x exposure time) for erasure 
should be a minimum of 15 Wsec/cm2. The erasure 
time with this dosage is approximately 15 to 20 min- 
utes using an ultraviolet lamp with a 12000 J.LW/cm2 
power rating. The 87C196KB should be placed with- 
in 1 inch of the lamp tubes during erasure. The maxi- 
mum integrated dose an 87C196KB can be exposed 
to without damage is 7258 Wsec/cm2 
(1 week 
@ 


12000 J.LW/cm2).Exposure of the 87C196KB to high 
intensity UV light for long periods may cause perma- 
nent damage. 
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Intel Reserved addresses cannot be used by appli- 
cations 
which 
use 
87C196KB 
internal 


ROM/EPROM. The data read from a reserved loca- 
tion is not guaranteed, and a write to any reserved 
location could cause unpredictable results. When at- 
tempting to program Intel Reserved addresses, the 
data must be OFFFFHto ensure a harmless result. A 
memory map indicating reserved locations on the 
87C196KB is shown in Figure 14. 


Intel Reserved locations, when mapped to external 
memory, must be filled with OFFFFHto ensure com- 
patibility with future parts. 


EXTERNAL MEMORY 


OR 110 


INTERNAL PROGRAM 
STORAGE ROM/EPROM 
OR 
EXTERNAL MEMORY 


RESERVED 


VOLTAGE LEVELS 


SIGNATURE WORD 


RESERVED 


INTERRUPT VECTORS 


SECURITY KEY 


RESERVED 


CHIP CONFIGURATION 
BYTE 


RESERVED 


PPW 


INTERRUPT VECTORS 


2080H 


2074H-207FH 


2072H-2073H 


2070H-2071 
H 


2040H-206FH 


2030H-203FH 


2020H-202FH 


2019H-201 
FH 


2018H 


2015H-2017H 


2014H 


2000H-2013H 
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•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Ambient 
Temperature 
Under Bias 
O°C to + 70°C 


Storage Temperature 
- 65°C to + 150°C 


Voltage On Any Pin to Vss 
-0.5V 
to + 7.0V 


Power Dissipation 
1.5W 
NOTICE Specifications contained within the 
following tables are subject to change. 


Symbol 
Description 
Mln 
Max 
Units 


TA 
Ambient 
Temperature 
Under Bias 
0 
+70 
°C 


Vcc 
Digital Supply Voltage 
4.50 
5.50 
V 


VREF 
Analog Supply Voltage 
4.50 
5.50 
V 


fosc 
Oscillator 
Frequency 
3.5 
12 
MHz 


NOTE: 
ANGND and Vss should be nominally at the same potential. 


Symbol 
Description 
Mln 
Max 
Units 
Test Conditions 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
(Note 1) 
0.2Vcc 
+ 0.9 Vcc 
+ 0.5 
V 


VIH1 
Input High Voltage on XTAL 1 
0.7 Vcc 
Vcc 
+ 0.5 
V 


VIH2 
Input High Voltage 
on RESET 
2.2 
Vcc 
+ 0.5 
V 


VOL 
Output 
Low Voltage 
0.3 
V 
IOL = 200 p.A 
0.45 
V 
IOL = 3.2mA 
1.5 
V 
IOL = 7 mA 


VOH 
Output 
High Voltage 
Vcc 
- 
0.3 
V 
IOH = -200 
p.A 
(Standard 
Outputs) 
Vcc 
- 
0.7 
V 
IOH = -3.2 
mA 
Vcc 
- 
1.5 
V 
IOH = -7 
mA 


VOH1 
Output High Voltage 
Vcc 
- 
0.3 
V 
IOH = -10 
p.A 
(Quasi-bidirectional 
Outputs) 
Vcc 
- 
0.7 
V 
IOH = -30 
p.A 
Vcc 
- 
1.5 
V 
IOH = -60p.A 


Iu 
Input Leakage Current (Std. Inputs) 
±10 
p.A 
o < VIN < Vcc 
- 
0.3V 


IU1 
Input Leakage Current (Port 0) 
±3 
p.A 
0< 
VIN < VREF 


ITL 
1 to 0 Transition 
Current (QBD Pins) 
-650 
p.A 
VIN = 2.0V 


IlL 
Logical 0 Input Current (QBD Pins) 
-50 
p.A 
VIN = 0.45V 


11L1 
Logic~ 
I~t 
Current in Reset (Note 2) 
-850 
p.A 
VIN = 0.45 V 


(ALE, RD, WR, BHE, INST, P2.0, Port 3/4) 


NOTE: 
1. All pins except RESET and XTAL1. 
2. Holding these pins below VIH in Reset may cause the part to enter test modes. 
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Symbol 
Description 
Mln 
Typ(7) 
Max 
Units 
Test Conditions 


Icc 
Active Mode Current in Reset 
40 
55 
mA 
XTAL1 = 12 MHz 


IREF 
AID 
Converter 
Reference 
Current 
2 
5 
mA 
Vcc = Vpp = VREF = 5.5V 


IIDLE 
Idle Mode Current 
10 
22 
mA 


ICC1 
Active 
Mode Current (Typical) 
15 
22 
mA 
XTAL 1 = 3.5 MHz 


IpD(8) 
Powerdown 
Mode Current 
5 
p.A 
VCC = Vpp = VREF = 5.5V 


RRST 
Reset Pullup Resistor 
6K 
50K 
n 


Cs 
Pin Capacitance 
(Any Pin to VSS) 
10 
pF 
fTEST = 1.0 MHz 


NOTES: 
(Notes apply to all specifications) 
1. QSD (Quasi-bidirectional) pins include Port 1, P2.6 and P2.7. 
2. Standard Outputs include ADO-15, RD, WR, ALE, SHE, INST, HSO pins, PWM/P2.5, CLKOUT, RESET, Ports 3 and 4, 
TXD/P2.0, 
and RXD (in serial mode 0). The VOHspecification is not valid for RESET. Ports 3 and 4 are open-drain outputs. 


3. Standard Inputs include HSI pins, CDE, EA, READY, SUSWIDTH, NMI, RXD/P2.1, EXTINT/P2.2, T2CLK/P2.3, and 
T2RSTIP2.4. 
4. Maximum current per pin must be externally limited to the following values if VOL is held above 0.45V or VOH is held 
below Vcc - 
0.7V: 
tOLon Output pins: 10 mA 
tOHon quasi-bidirectional pins: self limiting 
IOHon Standard Output pins: 10 mA 


5. Maximum current per bus pin (data and control) during normal operation is ± 3.2 mA. 
6. During normal (non-transient) conditions the following total current limits apply: 
Port 1, P2.6 
IOL:29 mA 
IOHis self limiting 


HSO, P2.0, RXD, RESET 
tOL:29 mA 
IOH:26 mA 


P2.5, P2.7, WR, SHE 
'OL: 13 mA 
IOH:11 mA 


ADO-AD15 
IOL:52 mA 
IOH:52 mA 


RD, ALE, INST-CLKOUT 
IOL:13 mA 
IOH:13 mA 


7. Typicals are based on a limited number of samples and are not guaranteed. The values listed are at room temperature 
and VREF = Vcc = 5V. 
8. Ipo is not guaranteed on the standard 87C196KS part and may exceed 100 I-'Aon some parts. Customers whose applica- 
tions use the power down mode and require a guaranteed maximum value of Ipo should order the S-spec part, contact an 
Intel Field Representative. 


60 


50 
Icc MAX 


40 
Icc TYPICAL(7) 


lee 
30 
mA 
IDLEMAX 


20 
IDLETYPICAL(7) 


10 


0 


4MHz 
8MHz 


FREO 
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A.C. Characteristics 
(Over specified 
operating 
conditions) 
Test Conditions: 
Capacitive 
load on all pins = 100 pF, Rise and fall times = 10 ns, fosc 
= 12 MHz 


Symbol 
Description 
Mln 
Max 
Units 
Notes 


TAVYV 
Address 
Valid to READY Setup 
2Tosc 
- 
85 
ns 


TLLYV 
ALE Low to READY Setup: 
87C196KB10 
Tosc 
- 
80 
ns 
87C196KB12 
Tosc 
- 
72 
ns 


TYLYH 
NonREADY 
Time 
No upper limit 
ns 


TCLYX 
READY Hold after CLKOUT 
Low 
0 
Tosc 
- 
30 
ns 
(Note 1) 


TLLYX 
READY Hold after ALE Low 
Tosc 
- 
15 
2Tosc 
- 
40 
ns 
(Note 1) 


TAVGV 
Address 
Valid to Buswidth 
Setup 
2Tosc 
- 
85 
ns 


TLLGV 
ALE Low to Buswidth 
Setup 
Tosc 
- 
70 
ns 


TCLGX 
Buswidth 
Hold after CLKOUT 
Low 
0 
ns 


TAVDV 
Address 
Valid to Input Data Valid 
80C196 
KB10 
3Tosc 
- 
70 
ns 
80C196 
KB12 
3Tosc 
- 
67 
ns 


TRLDV 
RD Active to Input Data Valid 
87C196KB10 
Tosc 
- 
30 
ns 
87C196KB12 
Tosc 
- 
23 
ns 


TCLDV 
CLKOUT 
Low to Input Data Valid 
Tosc 
- 
50 
ns 


TRHDZ 
End of RD to Input Data Float 
Tosc 
- 
20 
ns 


TRXDX 
Data Hold after RD Inactive 
0 
ns 


NOTES: 
1. If max is exceeded. 
additional 
wait states 
will occur. 


A.C. Characteristics 
(Over specified 
operating 
conditions) 
(Continued) 
Test Conditions: 
Capacitive 
load on all pins = 100 pF, Rise and fall times = 10 ns, fosc 
= 12 MHz 


Symbol 
Description 
Mln 
Max 
Units 
Notes 


FXTAL 
Frequency 
on XTAL 1: 


87C196KB10 
3.5 
10.0 
MHz 


87C196KB12 
3.5 
12.0 
MHz 


Tosc 
1/FXTAL: 


87C196KB10 
100 
286 
ns 
87C196KB12 
83 
286 
ns 


TXHCH 
XTAL 1 High to CLKOUT 
High or Low 
40 
110 
ns 
(Note 1) 


TCLCL 
CLKOUT 
Cycle Time 
2Tosc 
ns 


TCHCL 
CLKOUT 
High Period 
Tosc 
- 
10 
Tosc+10 
ns 


TCLLH 
CLKOUT 
Falling Edge to ALE Rising 
-5 
15 
ns 


TLLCH 
ALE Falling Edge to CLKOUT 
Rising 
-15 
15 
ns 


TLHLH 
ALE Cycle Time 
4TOSC 
ns 


TLHLL 
ALE High Period 
Tosc 
- 
10 
Tosc+10 
ns 


TAVLL 
Address 
Setup to ALE Falling Edge 
Tosc 
- 
15 
ns 


TLLAX 
Address 
Hold after ALE Falling Edge 
Tosc 
- 
40 
ns 


TLLRL 
ALE Falling Edge to RD Falling Edge 
Tosc 
- 
40 
ns 


TRLCL 
RD Low to CLKOUT 
Falling Edge 
10 
30 
ns 


TRLRH 
RD Low Period 
Tosc-5 
ns 


TRHLH 
RD Rising Edge to ALE Rising Edge 
Tosc 
Tosc 
+ 25 
ns 
(Note 2) 


TRLAZ 
RD Low to Address 
Float 
10 
ns 


TLLWL 
ALE Falling Edge to WR Falling Edge 
Tosc 
- 
10 
ns 


TCLWL 
CLKOUT 
Low to WR Falling Edge 
0 
25 
ns 


TQVWH 
Data Stable to WR Rising Edge: 


87C196KS10 
Tosc 
- 
30 
ns 
87C196KS12 
Tosc 
- 
23 
ns 


TCHWH 
CLKOUT 
High to WR Rising Edge 
-10 
10 
ns 


TWLWH 
WR Low Period 
Tosc 
- 
30 
ns 


TWHQX 
Data Hold after WR Rising Edge 
Tosc 
- 
10 
ns 


TWHLH 
WR Rising Edge to ALE Rising Edge 
Tosc 
- 
10 
Tosc 
+ 15 
ns 
(Note 2) 


TWHBX 
SHE, INST HOLD after WR Rising Edge 
Tosc 
- 
10 
ns 


NOTES: 
Tosc = 83.3 ns at 12 MHz; Tosc = 100 ns at 10 MHz. 
1. Typical specification, not guaranteed. 
2. Assuming back-to-back bus cycles. 
3. Testing performed at 3.5 MHz, however, the part is static by design and will typically operate below 1 Hz. 


inter 


r-tAVLL 


BUS 
ADDRESSOUT 
i.tAVDVtLLWL 


r-tOVWH 
tWHOX1 


BUS -<~ 
..-_-_-_-_-_ 
-_A:D:D:R:ES:S:O:U:T:::::::X 
DATA OUT 
X 
A_D_D_RE_S_S 
_ 


I 
'=: 
' 
_ 


BHE,INST -< 
VALID 
::::)---< 
_ 


READY-F~~ 
tAVGV' 


BUS WIDTH 
J5-((( 
tLLGV 
,;;; 


BUS -< 
ADDRESSOUT 
) 
, 
1 


inter 


Symbol 
Parameter 
Mln 
Max 
Units 


1/TXLXL 
Oscillator 
Frequency 
3.5 
12 
MHz 


TXLXL 
Oscillator 
Period (Tasel 
83 
286 
ns 


TXHXX 
High Time 
32 
ns 


TXLXX 
Low Time 
32 
ns 


TXLXH 
Rise Time 
10 
ns 


TXHXL 
Fall Time 
10 
ns 


2.• ~ 
2.0> 
TESTPOINTS<2.0>C 
.-.1\ 
0.8 
0.8. 


0.<45 
----------- 
270590-24 


A.C. Testing inputs are driven at 2.4V for a Logic "1" and 0.45V 
for a Logic "0" Timing measurements are made at 2.0V for a 
Logic "1" and 0.8V for a Logic "0". 


VLOAO+0.15V 
VOH-0.15V 
V 
LOAO 
TIMING REF"ERENCE<: 
---- 
POINTS 
VLOAO-0.15 V 
VOL+0.15 V 


270590-25 
For Timing Purposes a Port Pin is no Longer Floating when a 
100 mV change from Load Voltage Occurs and Begins to Float 
when a 100 mV change from the Loaded VOH/VOLLevel occurs 
IOL/lOH = ± 15 mA. 


Each symbol 
is two pairs of letters 
prefixed 
by "T" 
for time. The characters 
in a pair indicate 
a signal and its 
condition, 
respectively. 
Symbols 
represent 
the time between 
the two signal/condition 
points. 


Conditions: 
Signals: 


H 
High 
A 
- Address 
L 
- ALE/ADV 


L 
Low 
B 
- BHE 
R 
- RD 


V 
Valid 
C 
CLKOUT 
W - WR/WRH/WRL 


X 
No Longer Valid 
D 
- DATA 
X 
- XTAL1 


Z 
Floating 
G 
- Buswidth 
Y 
- READY 


A.C. EPROM Programming 
Characteristics(1) 


Operating 
Conditions: 
Load Capacitance 
= 150 pF, TA = 
+25°C 
±5°C, 
Vcc. VREF = 5V. Vss, ANGND 
= 
OV, Vpp = 12.75V 
± 0.25V, EA = 12.75V 
± 0.25 


Symbol 
Description 
Min 
Max 
Units 


TSHLL 
Reset High to First PALE Low 
1100 
Tosc 


TLLLH 
PALE Pulse Width 
40 
Tosc 


TAVLL 
Address 
Setup Time 
0 
Tosc 


TLLAX 
Address 
Hold Time 
50 
Tosc 


hLVL 
PALE Low to PVER Low 
60 
Tosc 


TpLDV 
PROG Low to Word Dump Valid 
50 
Tosc 


TpHDX 
Word Dump Data Hold 
50 
Tosc 


TDVPL 
Data Setup Time 
0 
Tosc 


TpLDX 
Data Hold Time 
50 
Tosc 


TpLPH 
PROG Pulse Width 
40 
Tosc 


TpHLL 
PROG High to Next PALE Low 
120 
Tosc 


TLHPL 
PALE High to PROG Low 
220 
Tosc 


TpHPL 
PROG High to Next PROG Low 
120 
Tosc 


TpHIL 
PROG High to AINC Low 
0 
'. 
Tosc 


TILIH 
AINC Pulse Width 
40 
Tosc 


TILVH 
PVER Hold after AINC Low 
50 
Tosc 


TILPL 
AINC Low to PROG Low 
170 
Tosc 


TpHVL 
PROG High to PVER Low 
90 
Tosc 


NOTES: 
1. Timings are based on theoretical calculations. 
2. Run Time Programming is done with Fosc = 6.0 MHz to 12.0 MHz, VREF = SV ± 0.6SV. TA = +2S"C to ±SOCand 
Vpp = 12.7SV. For run·time programming over a full operating range, contact the factory. 


Symbol 


Ipp 


Description 


Vpp Supply Current (When Programming) 


NOTE: 
Vpp must be within 1y of Vcc while Vcc < 4.SV. Vpp must not have a low impedance path to ground or Vss while 
Vcc> 
4,SV, 
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RESET 


PORTS 
3/< 


tSHLL 


PALE 


PROG 


A'Ne 


SLAVE 
PROGRAMMING 
MODE TIMING 
IN DATA 
PROGRAM 
MODE WITH 
REPEATED 
PROG PULSE 
AND AUTO 
INCREMENT 


ADDR 
.•.OCR.2 
PO:~ 
J( 
AODR/COWhlAND >----< 
OArA 
)'- 
.J( 
DATA 
)-- 


inter 


Symbol 
Parameter 
Min 
Max 
Units 


TXLXL 
Serial Port Clock Period (BRR ~ 8002H) 
6 Tose 
ns 


TXLXH 
Serial Port Clock Falling Edge to Rising Edge (BRR ~ 8002H) 
4Tose 
±50 
ns 


TXLXL 
Serial Port Clock Period (BRR = 8001 H) 
4 Tose 
ns 


TXLXH 
Serial Port Clock Falling Edge to Rising Edge (BRR = 8001 H) 
2 Tose 
±50 
ns 


TQVXH 
Output Data Setup to Clock Rising Edge 
2 Tose 
-50 
ns 


TXHQX 
Output Data Hold after Clock Rising Edge 
2 Tose 
-50 
ns 


TXHQV 
Next Output Data Valid after Clock Rising Edge 


, 


2 Tose 
+50 
ns 


TDVXH 
Input Data Setup to Clock Rising Edge 
Tose 
+50 
ns 


TXHDX 
Input Data Hold after Clock Rising Edge 
0 
ns 


TXHQZ 
Last Clock Rising to Output Float 
1 Tose 
ns 


r- 
TXLXL--j 
TXO---lI---1I ---1I ---1I ---1I ---1I ---1I ---1I 


TQVXH-j r- 
TxLXH-l I- 
TXHQVI--j 
-l 
r-TXHQX 
TXHQZ-l I 


(O~XT)~ 
X 
2 
X 
3 
X 
4 
X 
5 
X--6--X 
7 
>- 


TOVXH-j I- 
-I r-TXHOX 


VALID 
VALID 
VALID 


NOTE: 
1. Timings 
are not tested 
but guaranteed 
by design. 


stability 
of VREF. VREF must be close to Vcc since it 
supplies 
both the resistor 
ladder and the digital sec- 
tion of the converter. 
There are two modes of AID 
operation: 
with or with- 
out clock 
prescaler. 
The 
modes 
are shown 
in the 
table below. The maximum 
frequency 
with the clock 
prescaler 
off is 8 MHz. 


The 
converter 
is 
ratiometric, 
so 
the 
absolute 
accuracy 
is directly 
dependent 
on the accuracy 
and 


The specifications 
given 
below 
assume 
adherence 
to 
the 
Operating 
Conditions 
section 
of 
this 
data 
sheet. Testing 
is performed 
with the clock prescaler 
on and with VREF = 5.12V and 10 MHz on XTAL1. 


Clock Prescaler 
On 
Clock Prescaler 
Off 
IOC2.4 = 0 
IOC2.4 = 1 
, 


158 States 
91 States 
26.33 IJ-s@ 12 MHz 
22.751J-s @ 8 MHz, 18.21J-s @ 10 MHz 


Parameter 
Typlcal'(1) 
Minimum 
Maximum 
Units" 
Notes 


Resolution 
512(4) 
1024 
Levels 
10 
Bits 


Absolute 
Error 
0 
±8 
LSBs 


Full Scale Error 
0/-2 
LSBs 


Zero Offset Error 
-0.5/2.0 
LSBs 
5 


Non-Linearity 
0 
±8 
LSBs 
1 


Differential 
Non-Linearity 
0 
±2 
LSBs 
1 


Channel-to-Channel 
Matching 
0 
±1 
LSBs 
1 


Repeatability 
±0.25 
LSBs 
1 


Temperature 
Coefficients: 
Offset 
0.009 
LSBrC 
1 
Full Scale 
0.009 
LSBrC 
1 
Differential 
Non-Linearity 
0.009 
LSBrC 
1 


Off Isolation 
-60 
dB 
1,2,3 


Feedthrough 
. 


-60 
dB 
1,2 


Vcc Power Supply Rejection 
-60 
dB 
1,2 


Input Resistance 
1K 
5K 
!l 
1 


D.C. Input Leakage 
±3.0 
IJ-A 


Sample Time: 
Prescaler 
On 
15 
State 
4 
Prescaler 
Off 
8 
State 
4 


Sample Capacitive 
3 
pF 


NOTES: 
, These values are expected for most parts at 25°C but are not tested or guaranteed. 
··An "LSB", as used here, has a value of approximately 5 mV. 
1. These values are not tested in production and are guaranteed based on theoretical estimates and laboratory tests. 
2. DC to 100 KHz. 
3. Multiplexer Break-Before-Make Guaranteed. 
4. One state = 167 ns at 12 MHz, 250 ns at 8 MHz. 
5. A large positive offset error can cause codes above 1020 to be missed. This error is also reflected in the Absolute, Full 
Scale, Zero Offset and Non-Linearity specifications. 


ABSOLUTE ERROR-The 
maximum difference be- 
tween corresponding actual and ideal code tran- 
sitions. Absolute Error accounts for all deviations of 
an actual converter from an ideal converter. 


ACTUAL 
CHARACTERISTIC-The 
characteristic 
of an actual converter. The characteristic of a given 
converter may vary over temperature, supply volt- 
age, and frequency conditions. An actual character- 
istic rarely has ideal first and last transition locations 
or ideal code widths. It may even vary over multiple 
conversions under the same conditions. 


BREAK BEFORE MAKE-The 
property of a multi- 
plexer which guarantees that a previously selected 
channel is selected (Le., the converter will not short 
inputs together. 


CHANNEL·TO·CHANNEL MATCHING-The 
differ- 
ence between corresponding code transitions of ac- 
tual characteristics taken from different channels un- 
der the same temperature, voltage and frequency 
conditions. 


CHARACTERISTIC-A 
graph of input voltage ver- 
sus the resultant output code for an AID converter. 
It describes the transfer function of the AID convert- 
er. 


CODE-The 
digital value output by the converter. 


CODE TRANSITION-The 
point at which the con- 
verter changes from an output code of Q, to a code 
of Q + 1. The input voltage corresponding to a code 
transition is defined to be that voltage which is 
equally likely to produce either of two adjacent 
codes. 


CODE WIDTH-The 
voltage corresponding to the 
difference between two adjacent code transitions. 


D.C. INPUT LEAKAGE-Leakage 
current to ground 
from an analog input pin. 


DIFFERENTIAL NON·L1NEARITY- The difference 
between the ideal and actual code widths of the ter- 
minal based characteristic. 


FEEDTHROUGH-Attenuation 
of a voltage applied 
on the selected channel of the AID Converter after 
the sample window closes. 


FULL SCALE ERROR-The 
difference between the 
expected and actual input voltage corresponding to 
the full scale code transition. 


IDEAL CHARACTERISTIC-A 
characteristic with 
its first code transition at VIN = 0.5 LSB, its last 
code transition at VIN = (VREF- 
1.5 LSB) and all 
code widths equal to one LSB. 


INPUT RESISTANCE-The 
effective series resist- 
ance from the analog input pin to the sample capaci- 
tor. 


LSB-Least 
Significant 
Bit: The voltage corre- 
sponding to the full scale voltage divided by 20, 
where n is the number of bits of resolution of the 
converter. For an a-bit converter with a reference 
voltage of 5.12V, one LSB is 20 mV. Note that this is 
different than digital LSBs, since an uncertainty of 
two LSB, when referring to an AID converter, equals 
40 mV. (This has been confused with an uncertainty 
of two digital bits, which would mean four counts, or 
ao mV.) 


NON·L1NEARITY- The maximum deviation of code 
transitions of the terminal based characteristic from 
the corresponding code transitions of the ideal char- 
acteristic. 


OFF-ISOLATION-Attenuation 
of a voltage applied 
on a deselected channel of the AID converter. (Also 
referred to as Crosstalk.) 


REPEATABILITY-The 
difference between corre- 
sponding code transitions from different actual char- 
acteristics taken from the same converter on the 
same channel at the same temperature, voltage and 
frequency conditions. 


RESOLUTION-The 
number of input voltage levels 
that the converter can unambiguously distinguish 
between. Also defines the number of useful bits of 
information which the converter can return. 


SAMPLE TIME-The 
time that the sample window 
is open. 


SAMPLE WINDOW-Begins 
when the sample ca- 
pacitor is attached to a selected channel and ends 
when the sample capacitor is disconnected from the 
selected channel. 


TEMPERATURE COEFFICIENTS-Change 
in the 
stated variable per degree centigrade temperature 
change. Temperature coefficients are added to the 
typical values of a specification to see the effect of 
temperature drift. 


TERMINAL BASED CHARACTERISTIC-An 
actual 


characteristic which has been rotated and translated 
to remove zero offset and full scale error. 


Vcc REJECTION-Attenuation 
of noise on the Vcc 
line to the AID converter. 


ZERO OFFSET-The 
difference between the ex- 
pected and actual input voltage corresponding to 
the first code transition. 


The 87C196KB has the following problems. 
1. Interrupts will not occur between an untaken con- 
ditional jump and the next instruction. A series of 
untaken jumps will hold off interrupts until after 
the last untaken jump. 
2. The DJNZW instruction is not guaranteed to be 
functional. The instruction, if encountered, will not 
cause an unimplemented opcode. The DJNZ 
(byte instruction) works correctly and should be 
used instead. 
3. The serial port only tolerates a + 1.25%, -7.5% 
baud rate error between transmitter and receiver. 
If the serial port fails on the receiver, increase the 
baud rate. 
4. The CDE function is not guaranteed to work. In 
order to ensure proper 87C196KB operation, the 
pin must be grounded. 


DIFFERENCES 
BETWEEN 
THE 
80C196KA 
AND THE 80C196KB 


The 8XC196KB is identical to 8XC196KA except for 
the following differences. 
1. ALE is high after reset on the 87C196KB instead 
of low like the 80C196KA. 


2. The DJNZW instruction is not guaranteed to work 
on the 87C196KB. 
3. The HOLD/HLDA bus protocol is available on the 
87C196KB. 


CONVERTING 
FROM OTHER 
8096 
FAMILY 
PRODUCTS 
TO THE 
8XC196KB 


The following list of suggestions for designing an 
879XBH system will yield a design that is easily con- 
verted to the 87C196KB. 
1. Do not base critical timing loops on instruction or 
peripheral execution times. 
2. Use equate statements to set all timing parame- 
ters, including the baud rate. 
3. Do not base hardware timings on CLKOUT or 
XTAL1. The timings of the 80C196KB are differ- 
ent than those of the 8X9XBH, but they will func- 
tion with standard ROM/EPROM/Peripheral type 
memory systems. 


4. Verify that all inputs are driven high or low and not 
left floating. 
5. Indexed and indirect operations relative to the 
stack 
pointer 
(SP) 
work 
differently 
on 
the 
80C196KB than on the 8096. On the 8096, the 
address is calculated based on the un-updated 
version of the stack pointer. The 80C196KB uses 
the updated version. The offset for PUSH[SP], 
POP[SP]: PUSH nn[SP] and POP nn[SP] instruc- 
tions may need to be changed by a count of 2. 
6. The 87C196KB does not support gang program- 
ming in auto programming mode. Gang program- 
ming in slave programming is supported. 


7. PACT has changed from the HSO.O on the 
8796BH to P2.7 on the 87C196KB. 


The 
following 
differences 
exist 
between 
the 
87C196KB advanced and 87C196KB preliminary 
data sheets. 
1. The AID no sample and hold feature is no longer 
available. 
2. With the clock prescaler disabled, the AID has a 
large absolute error for frequencies greater than 8 
MHz. The clock prescaler should be enabled for 
frequencies greater than 8 MHz. 
3. The following AID characteristics have changed 


ADVANCED 
PRELIMINARY 


Absolute Error 
-4/+4 
±8 
Full Scale Error 
-0.5/±0.5 
0/-2 
Zero Offset 
±0.5 
-0.5/+2 
Non Linearity 
-4/+4 
±8 


4. The 11L1 Logical 0 input current in reset changed 
from - 500 fJoAto - 850 fJoA. 


5. The TLLYV 
(ALE Low to 
Ready Setup) 
has 
changed 
to 
Tase 
-72 
at 
12 
MHz 
and 
Tase - 
80 at 10 MHz. 


6. TWHBX has changed to Tase - 
10. 
7. New current specifications have been added to 
reflect typical current consumption at room tem- 
perature. 


inter 


8. Current 
curves 
for IIDLE(Max) and IIDLE(Typical) 
have been added. 


9. A new specification 
TRLAZ (RD low to Address 
Float) has been specified 
for 10 ns. 


10. The minimum 
instruction 
times 
for some 
of the 
indirect instructions 
which write to external 
mem- 
ory have changed. 


11. Serial port timings 
have been added. 
12. AID glossary 
terms have been removed. 
13. AID sample time and sample capacitance 
speci- 
fications 
have been added. 


14. The upper four bits of the AID command 
should 
be set to zero for future compatibility. 


15. HSO commands 
OC and 00 should 
not be used 
to ensure 
future compatibility. 


16. The Modified 
Quick Puise™ 
algorithm 
has been 
recommended 
to 
ensure 
programming 
of 
the 
EPROM over the life of the part for both run-time 
and slave programming 
modes. 


17. TAVYV (Address valid to READY setup) has been 
changed 
to 2T ase 
- 
0.85. 


18. TAVGV (Address 
valid to BUSWIDTH 
setup) 
has 
been changed 
to 2T ase 
- 
0.85. 


19. TQVWH (Data 
Stable 
to WR 
Rising 
Edge) 
has 
changed 
to Tase 
- 
23 at 12 MHz and Tase 
- 
30 at 10 MHz. 


20. TAVDV (Address 
Valid to Input 
Data Valid) 
has 
been changed 
to 3T ase 
- 
70 at 10 MHz and 
3Tase 
- 
67 at 12 MHz. 


LOW COST CODE EVALUATION 
TOOL 


Intel's 
EV8OC196KA evaluation 
board 
provides 
a hardware 
environment 
for code 
execution 
and software 
debugging 
at a relatively 
low cost. The board features 
the 
8OC196KA advanced, 
CHMOS·, 
16-bit microcontroller, 
the newest member 
of the 
industry 
standard 
8096 family. 
The board allows the user to take full advantage 
of the 
power 
of the 8096. The EV8OC196KA provides 
zero wait-state, 
12 MHz execution 
of a 
user's 
code. 
Plus, its memory 
(ROMsim) 
can be reconfigured 
to match the user's 
planned 
memory 
system, 
allowing 
for exact analysis 
of code execution 
speeds in a 
particular 
application. 


Popular 
features 
such as a symbolic 
single line assembler/disassembler, 
single-step 
program 
execution, 
and sixteen software 
breakpoints 
are standard 
on the EV8OCl96KA. 


Intel provides 
a complete 
code development 
environment 
using assembler 
(ASM-96) as 
well as high-level 
languages 
such as Intel's iC-96 or PL/M-96to 
accelerate 
development 
schedules. 


The evaluation 
board 
is hosted 
on an IBM pc•• or BI05-compatible 
clone, already 
a 
standard 
development 
solution 
in most of today's 
engineering 
environments. 
The source 
code for the on-board 
monitor 
(written 
in ASM-96) is public domain. 
The program 
is 
about1K, 
and can be easily modified 
to be included 
in the user's 
target hardware. 
In this 
way, the provided 
pc host can be used throughout 
the development 
phase. 


EV80C196KA FEATURES 


• Zero Wait-State 
12 MHz Execution 
Speed 
• 24K Bytes of ROMsim 
• Flexible Wait-State, 
Buswidth, 
Chip-Select 
controller 
• Totally CMOS, low power board 
• Concurrent 
Interrogation 
of Memory 
and 
Registers 


• Sixteen Software 
Breakpoints 
• Two Single Step Modes 
• High-Level 
Language 
Support 
• Symbolic 
Debug 
• R5-232-e Communication 
Link 


FULL SPEED EXECUTION 


The EV8OC196KA executes 
the user's 
code from on-board 
ROMsim 
at12 MHz with zero 
wait-states. 
By changing 
crystals 
on the 8OC196KA any slower execution 
speed can be 
evaluated. 
The boards 
host interface 
timing is not affected by this crystal change. 


intJ-------- 
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24K BYTES OF ROMSIM 
The board comes with 24K bytes of SRAM 
to be used as ROMsim for the user's code 
and as data memory if needed. 16Kbytes 
of this memory are configured as sixteen 
bits wide, and 8K bytes are configured as 
eight bits wide. The user can therefore 
evaluate the speed of the part executing 
from either buswidth. 


FLEXIBLE MEMORY 
DECODING 


By changing the Programable Logic 
Device (PLO) on the board, the memory 
on the board can be made to look like the 
memory system planned for the user's 
hardware application. The PLO controls 
the buswidth of the 8OCl%KA and the 
chip-select inputs on the board. It alS{)o 
controls the number of wait states (zero to 
three) generated by the SOC196KAduring 
a memory cycle. These features can all be 
selected with 64 byte boundaries of 
resolution. 


TOTALLY 
CMOS BOARD 


The EV8OC196KAboard is built totally 
with CMOS components. 
Its power 
consumption is therefore very low, 
requiring 5 volts at only 425 mA. If the on 
board LEOs are disabled, the current 
drops to only 150mA. The board also 
requires +/-12 volts at 10 mA. 


CONCURRENT 
INTERROGATION 
OF MEMORY 
AND REGISTERS 


The monitor for the EV8OC196KAallows 
the user to read and modify internal 
registers and external memory while the 
user's code is running in the board. 


SIXTEEN SOf1WARE 
BREAKPOINTS 


There are sixteen breakpoints available 
which automatically substitute a TRAP 
instruction for a user's instruction at the 
breakpoint location. The substitution 
occurs when execution is started. If the 
code is halted or a breakpoint is reached, 
the user's code is restored in the ROMsim. 


There are two single-step modes available. 
The first stepping mode locks out all 
interrupts which might occur during the 
step. The second mode enables interrupts, 
and treats subroutine calls and interrupt 
routines as one indivisible instruction. 


HIGH LEVEL LANGUAGE 
.SUPPORT 


The host software for the EV8OC196KA 
board is able to load absolute object code 
generated by ASM·%, iC-%, PL/M-96 or 
RL-96all of which are available from Intel. 


SYMBOLIC 
DEBUG 


The host has a Single Line Assembler, and a 
Oisassmbler, which recognize symbolics 
generated by Intel software tools. 


RS-232-C COMMUNICATION 
LINK 


The EV8OCI96KAcommunicates with the 
host using an Intel 82510UART provided 
on board. This frees the on-chip UART of 
the 8OC196KAfor the user's application. 


PERSONAL 
COMPUTER 
REQUIREMENTS 


The EV8OC196KAEvaluation Board is 
hosted on an IBMPC", XT", AT'" or 
BIOS-compatible clone. The PC must meet 
the following minimum requirements: 
• 512K Bytes of Memory 
• One 360KByte floppy Disk Drive 
• PC DOS" 3.1 or Later 
• A Serial Port (COMI or COM2) at %00 
Baud 
• ASM-96,iC-96 or PL/M-96 
• A text editor such as AEOIT 
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COMrUTE 
SOITWARE DEfELOrMENT 
SlJrroRT 
FOR THE 
80861'86 
FAM'".' OFM'CROCONTIlO"',EIlS 


Intel supports application development for its 8096 and 80G196 family of mierocontrollers with a 
complete set of development languages and utilitIes. These tools Inelude H macroassembler. a PU~1 
compiler. a C compiler. Iinker/relocator program. nontlng POintarithmetic Iibf'dry. a Iihrar'iall ulility. 
and an object·to·hex ulility. Develop code in the language(s)you drsire. then cumbine object modules 
from different languages into a single. fast program. 


FEATIJRES 


• Software Toots support all members of Intel's 


\1CS<!l·96family 


• ASM·96/196 macroassembler for speed 
critical code 


• 
PL/M·961196 package for the maintainability 
and reliability of a high·levellanguage With 
support for many lo\\-·Ievelhardware 
functions 


• 
iC·961196 package for structured C language 
programming. with many hard\\-are specific 
extensions 


• 
LinkerlRelocator program for linking modules 
generated in assembler. PUM or C and 
assigning absolute addresses to relocatable 
code. RL·96 prepares your code for execulion 
In target with a simple. one·step operatlun 


• 32·hit Floating Point Arithmetic Library to 
reduce your development effort and to allow 
fast. highly optimized llullwrics·inLensivt' 
pnx:essing 


• 
Lihrary utility for creating and maintaining 
softwal'e oblect module IihrHries 


• PRO\1building utility that converts object 


modules into standard hexadecimal format 
for easy download Into a 1I0n·lntel PI<OM 
Programmer 
• 
Hosted on IBM PCXT/AT\\-ith PC·DOS3.0 or 
above 
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IIS1II-96/196 
MIICROIISSE1IIBUR 


,\SM·961196 is tlw macl'oassemblt'l' for thl' \lCS·!}6 family 
of miITlKlmtNlIII'['l;, inl'iudm>( the 8OC1H6. !\SM·!l6l196 
translall'$ symholic as..'i('mhlylanguaj,~' mfwmonics Inw 
l'l'locatahlc ohjl'ct cfIlk'. 


'I'h!' mal'Nl facility in ,\SM·H(i/lfJ6 sam; ,1t'Vl'lopllwnt and 


, maintl11am~' lillI!'. Slfl(~' mlllmon code S!~IUl'nI'I'Sfl(~~t only 
11('dt'\('IOIK~1on('('. 'I'h(' asst'lllhll'r 
also SUIIIK>rt.~syml~llic 
a('('('S.~to Ull' IIWIIY rmlllf'l'S tHIM' Hm'WIBH all,l pmvid('s 
an "inl'iullt''' 
fill' witll all HO!I()/lflH n'gist"f'S dt'lint~1. 


l'IJM·!J{ill!l(i 
IS" higlJ-levd pmgf'<lJnl1llflglanguaj,~' dl'sigllt~1 


W SUppOf'tth!' softwan' ",qllif~'II"'fIlS 
,~.advann'd 
Hi·hlt 
lIlimll'olllmllef'S. 
Th,'I'IJM·!J()/I!l(i 
mlllpilt'r 
U'allslall'$ I'IJM 
higlJ-llwllangll<lgl' 
sWll'nlt'nts mto HmWlfl(i 
1~'locatahil' 


ohil~'l [~Kil'. Majof' rmtlll~'$ of thl' PIJM·fll;! I!l(; mlllpill'f' 
illl'ilult': 


• SlIWc:"re.lN'OCI'a 
__ I••. Thl' I'IJ~llallguaj,~' 


SUPIMll'tSmoduli'l' and Slru(1l1rnf 1m.gf'<lJllIlllllg. lIla. illg 
pmgnulls easier to undl'!'st,In,I, IIwintaln. and dl'hllg. 


• 8IIllt-l. 
f_etIoIIs. 
PU\1·96J196 Includt'S an 
l'xtl'nsiw 
list of functions. including 'I"rl'~: CONV~:"SI()N 


functions. STRING manipulations. and fUfl<'lions for 
intl'rrogating 
MCS-96 ilardwal'l' nags. 


• I.terrupt 
••• 
11.8. Th(' INT~:"RlII'T attrihull' 


allows you W dcfine intl'rl'Upl handling 1Jl'(1(~~tUrt'SThe 
mmpill'f' WIlI'rall'S ('(XII'1l1Sill\' and n'SUm' the Imlgram 
status \\1lrd for INn:RRlI'T 
pnn~lun'$. 


• eo-Jtller 
at.h'oI8. 
Olmpill'-l.inlt' oplions inCrt'aS!' 


the nl'xihility of th(' l'IJM·!lHII!l(i 
<1Illlpiil','. TIM'S!'rnntmls 
inl'iutl(': opl.illllwtion. 
mndiLional ml1lpilatioll. I.he 
inrlusioll of <1II1IIllOnI'IJM SOlIlW fill'S fmlll disk. emss· 
n'fen'ncl' of SYIllIKlls. nnd optionnl ns,'i('fllhly languaj,~' 
I~Mlein tiM' lislmg filt'. 


• Da~ types. 
I'IJM·lJlVI!l{i 
SUPIM"·t.~S('I'I'll oIata t~IK'S. 


allowing l'IJM·fJ(i/I!l(i 
to IK'I'fol'llI tllIW oIill't'f'mt kiurts or 


al'iUlllIl'l.il': sigrwtl. lIf1sigJl(~1.aotilloalil1g 
poillt. 


• l,a.lluaa~at_lNIt1ltlllly, 
1>IJ~Hl(illfl(i Ohjl'I'\ 


flllKlull'S an'l'OfllpaLihlt' 
",iUI all olhr'l' ohlt''L I1MMlull's 


gl'nt'ralt~1 hy Inll'l M(;:-i·!l(i tI'HIlSlalOf'S. 


IC-961'96 
SOFTWARE PACMAGE 


Intel's iC·96/196 is a structured programming language 
designed to support applications for the 16·hit family or 
MCS·96micmcontrollers. iC·961196implements the C 
Iangu~e as described in the Kernighan and ~itchie hmk, 
TheC Programming ungu/J€c, and includes many of the 
enhancementsas defined by the proposed ANSI C standard. 
Major fe<lturesof the iC·961196compiler include: 


• 8)'111"Ik:8. The ie-961196 compiler boosts 


programmer productivity hy providing t'xtensivc dchug 
inFormation, Including symbols. The debug informatkm 
can he used to dehug the ende using either thc 
VLSiCl-:'"·96 emulator or the ICE'"· 196PCemulator. 


• Ardlilftture 
S•• lNtrl. iC·96/196 wneratl'S codc 


which is fully optimized Forthe MC&96 architecture. 
iC·961196provides an INn:~~lIPT 
attrihutt', allowing you 


to dl'firx' intt'lTupt handlmg functions in C. and lihrary 
routines which allow you to mahlc and disahle in[('rrupts 
dircctly rrom (; (mid·19R9),·\ R~;~;NTRA'/TI 
"OR~:ENTRANTcontrol is al~l included, allOWingthl' 
compil('I' U, idmtir~ non·rel'lltrant pl'Oct'<1ures.This giws 
,ou full mwss to the large ~ICS-96 /'t'gisln ~'t. 


• SaaHanlla."_Re. 
i(;·961196accqlls standard (; 


sou('('('rodl'. ic·nO/I Un ('0111' is rull~ Iinkahll' with IXlth 
l'I./M·96/1fl6 and ,\S~I·96/1fl6 ml~lul('S via an "alicn" 
,Ittrihutl', allowlllg pmgrammers ttl utilize the optimal 
language ror an~ application. In addition. programnll'rs 
can quickly begin IJrogramming with iC·96/1f)6 bl:cause it 
conFormsto accepted C language standards. 


R1.-961'96 
UNMERIRELOCATOR 


Intd's RL·196 utility is uSl'<1Ui link multiple \1(',:}·96ohjl'('t 
modul('s into a single program and then assign ahsolutt' 
addl'l'Sscs UI all 1~:locatahleaddl'l'SSl'Sm tlx' new program. 
ModulI'Scan Ill' \lo'rittt'n in ASM·96/196, 1'1./\1·961lfJo.or 
iC·fl611fl6. 


The RL·961196utility also promotes programmer 
productivity hy encouraging modular programming. 
Becauseapplications can be broken into separate modules. 
they're easier to design, test and maintaJll. Standard 
modules can he reused in different applications, saving 
software development time. 


I',.AI.-961'96 
I'LOATING POINT 
ARITHMETIC 
UBR,4Rt' 


FPAL·961196is a library of single,preclsion 32·tJit nllating 
point ~rithm('tic runctions. Thesefunctiuns are Ctlmpatlhle 
with thl' IE;I-:EnlJating point standard Foraccuracy and 
rt'iiahllity and include an crl'llr·handler lihrary. 


UB-961'96 


Th,' Intt'II,IB-961196 utility Cfl'ates and mamtams IIhraries 
of Sl)ftwart' object modulI'S. Standard ml~lull'S can hI' 
placed in a lihrary, alill link(xl inlo your applications 
programs using RL·961100. 


OH-961196 


Th(' 011·961196utility converts Intl'i O~I~'96 objl'Ct modules 
into standarrl tH'.xadt'rimal format. This allows thl' code to 
lx' loaded dirtX'lly into a P~OM via non·lntl'i PI(O\1 
programmers. 


SERJIICE, SIJPPORT, AND TRAINING 


Intt') augments its MCS·96architecture famil~ dl'Vt'lopment 
t'~lls with a full array of seminars. classt's. and workshops: 
on·site consulting servicl's: field application enginl~>ring 
t'xpt'rtiSl': telephone hot·lim' SIlPI~>rt:and ~lftwill'l' and 
hardwart' maintenance contracts. This fult lim' of serviCl's 
will ensu('('}~IUrdesign Sllm's.~. 


DRHASMflG L* 
fl611H6ASSl'mhl('1'liJr PCXT or AT 
systt'm (or t'ompatihll'). I'unning DOS:1.0 
01'hlght'l' 


DHlll'U1f)liNL* 
PIJM·f)(illflli 
:-ic,ftwUlx'Pal'kal,\' fOl'I'<; X'I' 
tll' AT sysu'm (01'ml11piltihll'), running 
DOS:1.001'hight'l' 


iC·1l6/1!lHSoftwart' Pae~al,~'fOl'I'C X'I'01' 
AT s~stt'm (01'('llml~ltihlt'), l'unl1ing DOS 
:1.001'higlx'l' 


.N-€.RCIl.J' 
EIfIIl£AmR 
FOR J'HE BX9X 
FAM'£!' 
OF 
IfI.CROCONJ'IlOUERS 


The VLSiC~"·96 
emulator is a complete hardware/software debug environmt'nt for developing 


systems based on the Int~1IIx!Jx family of microcontrollers. The VI.SIC~·!J6 emulator supports all 
NMOS members of Inters MC&96 mic!'OControliers. including the 8OO6BII. the 11098.the 8095. the 
8097. and the 8096·90. With high performance 12 MHz emulation. symbolic debugging. and (lexible 
memory mapping. the VLSiCE·96 emulator expedites all stages of development: softwart' 
development. hardware development. system inte.gration and system test. 


FEAJ'IlRES 


• 
Real·time transparent emulation. up to 
12 MHz 
• 64K of mappable mcmo,ry to allow early 
software debug and (EP)ROMsimulation. 
even before any target hardware is available. 


• Trace contains execution address. opcode. 


symbol it'S. and bus information 
• 4K frame trace buffer for storing real-time 
execution history 


• Ability to break or trace on execution 
addresses. opcodes. data values. or (lags 
values 
• Symbolic debugging for faster and easier 


access to memory location and program 
variables. 


• 
Past brt'.aks and dynamic trace to alluw the 
user to modify and interrogate mClllury. and 
access the trace buller without stopping 
emulation. 


• On·line Help file to speed development 
• Shadow Registers can read many write-only 


registers and writt' to many rt'ad·only 
registers. allowing enhanced debugging nver 
component features 


• Includes 68·pin PGA adaptor; optional fiB-pin 
I'UX: and 48·pin DIP adaptors are also 
available 


• Serially hosted on IBM PC ATIXT or 


compatitJles with DOS :J.O or gre.ater. 
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ONE TtHJ£ FOR ENTIRE 
DEJ'ELOrItlENT CI'CU 


The VLSiCE-96 emulator speeds target system development 
by allowing hardware and software design to proceed 
simultaneously. 
You can develop software even before 
prototype 
hardware is finished. And because the VLSiCE-96 
emulator 
p~isely 
matches the component's electrical and 
timing characteristics. 
it's a valuable tool for hardware 
development and debug. 


The VLSiCR-96 emulator also simplifi~ 
and expedites 
system integration 
and test. As each section or the hardware 
is completed. it is simply added to the prototype and tested 
in real·time. When the prot{)l.ype is complete. it is tested 
with the final version of the system software. The VLSiCE-96 
emulator can then be used to verify or debug the target 
system as a completed unit. 


Because it supports the ROMless. ROM and EPROM versions 
of Intel's microcontrollers. 
the VLSiCE-96 emulator can 
debug a prototype or production 
product at any stage in its 
development without introducing extraneous hardware or 
software test tools. 


IIOST RE()IJIREItIENTS 


An IBM PC ATIXT or compatible with 512K bytes RAM and 
hard disk. Intel recommends an IBM PC AT or compatible 
with 640K bytes of RAM. one floppy drive and one hard 
disk running PC-DOS 3.1 or later. 


SYtIk- PerI ••• 
SIM:e 


Mappable zero wait 
Mappable to user memory or ICE 
state (up to 12 MHz) 
memory in 1K blocks on 1K 
Min OK bytes. Max 
boundaries 
64K bytes 


Virtual Symbol Table 
A maximum 
of 61 K bytes of host 
memory space is available for the 
virtual 
symbol table (VST). The rest. 


of the VST resides on disk and is 
paged in and out of host memory as 
needed. 


Electrical 
fJllaract.erl8llf:8 


Power Supply 
1OOV-120V or 200V·240V (selectable) 
50 Hz·60 Hz 
2 amps (AC max) @ 120V 
1 amp (AC max) @ 240V 


rlJyska. 
fJllaracterlst'f:8 


Controller Pod 
Width: 
Height: 
Depth: 
weight: 


8'/.' (21 cm) 
1'12' 
(4 cm) 
13'12' (34 cm) 
41bs (2 kg) 


Power Supply 
Width: 
Height: 
Depth: 
Weight: 


7''Ai' (18cm) 
4' (10cm) 
11' (28cm) 
151bs (7 kg) 


3'(1 m) 


!!!.. 


~IJRE 
t. The VLSICE·96- Emulator 


E."'•.••-e.,., (;lIantela'f8tk8 


Operating Temperature: OOCto + 400C ( - 32 OFto 
+ 104°F) 
Operating Humidity: 
Maximum to 85 % relative 
humidity. non condensing 


--.::.~ ••.. L&Ji ~.,al 


t ~1~- 
I 
u.------l 
•• 


flGIJRE:I. 
Dimensions for the Emulator Processor 
Board and Adaptors 


SERVICE SfJPPOIlT AND TRAINING 


Intel augments its MCS·96architecture family development 
tools with a full array of seminars. classes and workshops; 
on-site consulting services: field application engineering 
expertise; telephone hot·line support: and software and 
hardware maintenance contracts. This full line of services 
will ensure your design success. 


VLSiCE·96 Power supply cable. emulation 
base. user cable. Crystal Power Accessory 
(CPA).serial cables for PCATIXT.a 68·pin 
PGA target adaptor. ASM·96. AEDIT Text 
Editor. Host. probe. diagnostic and tutorial 
software on 5 114' media for DOShosts 
running DOSV3.0 or later. (Requires 
software license.) 


SA096D 
Sortware for host. probe. diagnostic and 
tutorial on 5 114' media for use with the PC 
ATIXTunder PC·DOSV3.0 or later. (Requires 
so[tware license.)(Included with V096KITA 
and V096KITD.) 


Same as V096KITA without ASM·96 and 
AEDIT text editor. 
D86ASM96NL ASM·96 Macroassembler* 


TA096E 


TA096B 


MSA96 


Optional 68·pin PLCCTarget Adaptor Board 
*Also Includes: RelocatorlLinker. object·to-hex converter. 
librarian. and Floating Point Arithmetic Library. 


Optional Multi·Synchronous Accessory for 
multi·ICE capability 


1lE,4£-TIIfIE 
TIMNSP,4IlENT 
BO€ 1861N-€IIlCIJIT 
EIfIIJ£tITOR 


The ICE-·l96KBIPC 
in-circuit emulator delivers real-time high-level debugging capabilitlcs for 
developing. integrating and testing !lOG196-based designs. Operating at the full speed of the 
BOC196KB microcontroller, the ICE·196KBlPC provides precise 110pin timin~s and functionality. The 
ICE-196KBlPC also allows you to develop code before prototype hardware is available. The m-cireuit 
emulator represents a low-cost development environment for designing real-time micrucontroller- 
based applications with minimal investment in time and resources. 


• Real-Time Emulation of the BOC196KB 


Microcontroller 


• 64K Bytes of Mappable Memory 
• 2K-entry Trace ButTer 
• 3 Breakpoints or 1 Range Break 


• Symholic Support and Source Code Display 
• Standalone Operation 
• versatile and rOlverful 1lost Software 
• 
Hosted On IBM PCXl AT' or Compatibles 
With DOS 3.0 or Later 


RE,4£-TlIfIE 
EIfIIJ£ATlON 


The ICE-196KBlPC provides real-time emulation with the precise inpuVoutput pin timings and 
functions across the full operating frequencies of the BOC196KB mlcrocontroller. The ICE-I 96KBlPC 
connects to the intended BOC196KB microcontroller socket via a 16" nex cable. which terminates in 
a 58-pin PLCC probe. An optional 6B·pin PGA adapter is also available. 


IfIAPPABLE IfIEIfIOIlI' 


The ICE·l96KBlPC has 64K bytes (65,536) of zero wait-state memory 
that can be enabled or mapped as read-only. write-only or readlwrite 
in 4K byte increments to simulate the internal (~P)ROM of the 
8OCl96KB or external program memory. 
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TRACE BIJWEIl 


'Ille 
Icr:·l96KFlIpC 
mntitins 
a 2K (204B) entry trace buffer 
for keeping a history 
o[ actual 
instruction 
execution. 
The 


tra<'{' buffer can be conditionally 
UJrnt>tl uf[ to mlll'At 
a uSt'r· 


specified 
number u[ traer 
[ramI's. 
Trace information 
can be 
displayed 
as disassembled 
Instructions 
ur, optionally, 


disassembled 
instructions 
and Ule original 
C-96 and 


pUM·!l6 
SCllJrcecudI'. 


IJREJlIl SPECIFICAf'lON 


Three executiun 
address 
bn.'<Ikpoints ur une range o[ 


adores~ 
can he actiVt' al any time 
Tbl' ICr;·I96pC 
allows 


any number u[ breakp()in~~ tu 11l'defined and activawd 
when 
IIIx~llxl. 


St'ItIBOUC 
SIJPPtJIlT AND StJIJRCE 
CODE DISPLAt' 


FilII ,\SM·fl6, 
1'1J\1·9li and <:-96 languagc symlKIIII'S, 
inl'ludlllg 
vanahll' 
Iypmg ami s('()!)\', art' supportl'd 
hy Ihl' 
ICt-:·I!l(il\'WC 
101'1001'; ,U'C/'liS/';;' tra('f' hum'r 
displa;. 


1)/~'a"IK,int SPt'('i[lCalillo, 
mid ass('mblcr/dISilssl'rnhll'r. 


Illditioo<llI;, 
C·fl(i anll 
l'IJ~I·!l(i 
SOUr!'!' l'IKIl' ('an IK' 
"lspla;I~llo 
[11<11\1' 
Ibrlopmml 
and dl'iJUg mSlCr, 


STANIMWNE 
OPERAf'lON 


Pmduct 
software can be devclupco 
priur to hardwan.' 


availability 
with the optional 
Crystal 
Power Accessory 
(CPI\) 


anll t1w IC~;·196KFlIPC maJJIJahie memury, The CI~I\ also 
provides 
diagnostic 
testing to assure [ull [unctiunallty 
o[ the 


Im·196KIWC. 
IIERStTILE 
AND PfJIfERFIJf, 
IIOST 
SOfTWARE 


The Icr;·I 96KBlPC comes eqUipped with an on·llne help 
[acillty, 
a dynamic 
command 
entry and synt<lx gUide. built· 


in editor, assemhler 
and disassembler. 
ami the ability 
to 


('USWI1IIZl'the I~JIIHTlalJ[lset via lit. 'I'aI definitions 
and dehug 
PI'O('f'dun.'li. 


IHJSf'lNG 


Tht'lcr;'I961\FlIPC 
is bl~lt~l 
un tht' IBM PC Xl \T or 
I'IIrnpatihles 
with PC·DOS :1.OIll' lall'r, 


IlE()IJIREMENTS 


"081 


I~M I'C Xl 1\1'(Ul' mmpalihlt') 
512f-: hvlt'S RAM. Hard Disk 
I)C·DOS·3.0 or Lalt'r 


(Jill' 111ll1Sl~11I'I'IIIh('I'al 
Slot 


DC Cum'nt 
2.'''\ 
IC,:-I9(if-:IWC 
2 Bylt's o! IISI'!' Stat k SIIat'[' 


TARGET INTERFACE BOAIID 


L~ngth 
2 DO (;;.Iem) 
Ik'ighl 
1.2" (~l.(k-m) 
WIdth 
23" ('o.lll'm) 


IJSEIlCABU 


Lmgtll 
I ;;.G" (:lfl.£it'IlI) 


:,(Jllf Illmlillg 
;;ns IImpagatlon 
Ild,ly 
;;(JIlI~ @ 12 Mllz 
:J." to 12 Mllz. 
12 Mllz oilly 


Willi 
CI"\ 


In' ([rom tar/-.~'t systt'm) 
0lx'I'ating 
f'reqlJt'Tlcy 


ENJIIRONMENJ:U 
CHARACTERISTICS 


0IX'l'atlOg 
'!i'mlwratul'l' 
I(Joe 10 ,!(J°e 
:17 r,°l' 
to 1(14°1-' 
OIK'I'ating 
I hllll[li 
Iy 
Ma\lllllim 
:,;;'l(. I<dat.iV!' 


lIumidity, 
IlOI\-l'Il[IlIt'IISllig 
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OF IfIICIlOCONJ'IWUERS 


The ICE'"·I96KBlMX and IC"·196KHlHX in-eircuit emulators deliver a complete. real·time. hardware' 
software debug environment for developing. integrating. and testing 8xCl96KB·based designs. The 
lCE·196KBlMX emulator is a mid·range modular debugging system featuring high performance 12 
MHz emulation. high·level symbolic debugging. 641<bytes zero-W'ditstatemappable memory. and 
emulation trace. ICE·196KBIIIX emulator is a high-end system with all the functionality 
01' 
ICE·196KBlMX plus additional breakltrace capabilities and expanded mappahle mcmol'Y.The 
ICE·196KBlMX emulator can be upgraded to an ICE·I96KBlHX emulator with optional add·in boards. 
Both systems feature an identical human interface. utilize the same base chassis. and are serially 
hosted on IBM" PC XTs and ATs. and 100% compatibles. 
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CORE I'EJlJ'IJRES 


• l'nld8eIy 
matches the component's 
electrical and timing characteristics 
• Supports the ROMlessand (EP)ROMversions 
of the 8xCI96KB 
• 
Does not introduce extraneous hardware or 
software overhead 


• Modular base for future growlh and 
migration 
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1Cr-196KB/MX 
IN-€IIlCIJIT 
EMIJUTOIl 
FEATIJRES 


• 
Real·time 
transparent 
emulation 
of the 8xC196KB 


microcontroller 
family 
up to 12 MHz. including 
ROM and 
EPROM versions 


• 
64k bytes uf wru-waitstate 
mawable 
memory 
to allow 
early 
software 
debug and (EP)ROM simulation. 
expandable 
to 128k bytes 


• 
64k hardware 
execution 
breakpoints 
• 
Symbolic 
debugging 
and source code display 
for faster 


and easier access to memory 
location 
and program 


variables 


• 
2k frame trace buffer 
displaying 
execution 
address 
• 
Multi·ICE 
synchronization 
to start 
and stop multiple 


emulators 
in multi·processor 
designs 


• 
Run·time 
viewable 
execution 
trace 


• 
Watch winduw 
feature 
automatically 
displays 
variahles 
when breaking 
emulation 
• 
Serially·hosted 
(RS232Cj 
with 
very high·speed 
download 


capability 


• 
ONCE'" 
support 
for on-circult 
emulation 
of surface-mount 


target 
systems 


• 
Trigger 
out for synchronization 
with external 
logic 
analyzer 
or scope 


• 
capable 
of suspension 
mounting 
for remote dehug 
• 
full 
language 
support 
with 
ASM·96. 
PIJM·96. and 096 


• 
on·line 
disassembler 
and single-line 
assembler 


• 
Context·sensitive 
drop-down 
"help' 
window 
to speed 
development 


• 
On·line tutorial 
• 
Self-test 
diagnostics 
to ensure 
system 
integrity 


• 
World-wide 
service 
and support 


ICE"'-196KB/HX 
IN-€IRCIJIT 
EMIJUTOR 
I'EATIJRES 
Includes all features In 1C1I""·t96KU/MX emulator 
plus the followl1JR: 


• 
Additional 
~'Omplex event recogniwrs 
for hus hrealvtrat\' 


to allow dehu~ing 
on data values. events. or addresst'S 


• 
Dynamic 
trace allows 
user to view trace buITer without 


stopping 
emulation 


• 
fastbreaks 
to allow the user to acoess program 
variables 


and SF'Rs during 
emulation 
• 
Additional 
64k hytes or zeru-waitstate 
mapped 
memory 


(I2Bk 
bytes total) 
• 
«;mulation 
timer 
and (,\'ent timer 
for debugging 
speed- 


cl'itie.al arrlimtions 
and to allow performance 
analysis 
capahilitil'S 
• 
Conditional 
traee to allo\\ 
tracing 
under 
user-specified 
conditions 


• 
Asynchronous 
external 
lm'ak 
carahility 


• 
Full multi·ICE 
commonication 
for enhanced 
debugging 
in 


multi·proCl.'Ssor 
designs 
• 
Input and ootput 
logic clips for external 
logic analysis 


and control 
• 
20k byU.'S additional 
trace buITer displaying 
execution 


address. 
hus addrl'Ss. 
hus data. hus status. 
and clips in 


• 
Run·time 
Il'pl'ogranllnahle 
hre<llvtrace 
points 


COMPLETE I'AMILt' OFBd96 
DEJlEWPitlENT 
TOOLS 


ICE·196KMIX 
and IC~;'lflfiKflIHX 
emulaUJrs are 


t\"nplelllentt~1 
hy InU')'s low-('ost IC«;·196KI3IPC emulaUJr. 


All three emulutors 
utilize an upward·compatiblc 
human 


interface 
to pl'\'Sl'rW 
~'()ur learning 
invrstment 
and to allow 


multiple 
emulators 
fol' large design teams. Each emulator 


has heen dl'SigJ1l'd to \\ork 
in mnjunetion 
with Intel's 


MCS·96 Sl)1"lwall' tIK,ls. indoding 
a macroassemhler, 
a 


I'IAI·f)fi 
mmpiler. 
a C·96 compiler, 
and various 
utilities. 


()ptionall1<~IfYls 
an.' a\ailable 
to upgrade 
an ICE·l96KBlMX 


emulator 
\\ ith SlIme or all of the functionality 
of an 
ICE·1fl6f.:B/HX 
emulaUJr. In addition, 
the ICE·196KBlMX 
and 


ICE· 19fiKflIl IX emulators 
haw. been designed 
to support 


future 
proliferations 
within 
the 8xC19fi 
family 
of 
m im lCOntroliers. 


WORLDWIDE SERJIICE AND SIJPPORT 


Intel augments 
its MCS-96 architecture 
family 
development 


tlXlls with a full array 
or seminars, 
classes. and workshops: 


on·site consulting 
servi=: 
field application 
engineering 
expl'rtise: 
telephone 
hot·line support: 
and software 
and 


hardware 
maintenance 
contracts. 
This full line or services 


will ensul'\' your design success. 


IIOSf'RE(lIJIRBItIBNf'S 


Emulators require an IBM PCAT/XT (or 100% compatible) 
with 512k bytes RA\1 and hard disk running DOS3.1or 
higher. Jnlt'l recommends640k hytes of RAM. 


BUCf'RICA£ 
CHARACf'BRISf'ICS 


PowcrSupply: 
IOOV·120Vor 200V·240V 
50 Hz-60 Hz 
;; amps (ACmax) @ 120Y 
2 amps (ACmax) @ 240V 
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rHI'SICA£ 
CHARACf'BRIS'l'ICS 
'l'arpl rrolle 


Width: 
6.9 em (2.7') 
Height: 
3.0 em (1.2') 
Length: 
11.0em (4.3') 


Package:M·pin PLCC(optional 58·pin PGAnexible adapter 
availahle) 
. 


E•• laror CINt8sIs 


Width: 
34 em (133/,') 
Height: 
12 em (4'12') 


Depth: 
25 em (97/,') 
Weight: 3.2 kg (7 Ib) 
Probe Cable LelllJth: 
St!rlaI Cable Length: 


"'Itft'S."I" 
Width: 
III em (7'12') 
Height: 
10 em (4') 


Depth: 
28 em (II ') 


Weight: 7 kg (1G Ib) 


40 em (17') 
3.65 m (121 


BNJ'lIIfJNIfIBN'l'A£ CHARACf'ERISf'ICS 


Operating Temperature: 
OOCto 40°(; 


Operating Humidity: 
Maximum 85% relative humidity. 
non-condensing 


ICE in-circuit emulator base chassis, 196 
emulation control board (ECB), 196KB 
target probe, 196KB crystal power 
accessory (CPA),enhanced breakitrace 
board (B1'B),64k optional memory board 
(OMB), clips in/out, power supply and 
cable, serial cables for PCX1'/Al',68-pin 
PI.CCtarget adapter. Host, 196KB probe, 
diagnostic, and tutorial software on 
5V.' media for DOShosts running DOS 
3.1 or later. (Requires software license.) 


same as ICEl96KBHX except without 
enhanced breakitrace board (B1'B), 
without 64k optional memory board 
(OMB). and Without clips in/out 


Enhanced breakitrace board (B1'B)for 
upgrading an ICE-196KB!MXsystem 


Optional memory board with 64k zero- 
waitstate mapped memory for upgrading 
an ICE-196KB!MX system 


Clips in/out for upjlrading an ICE-l96KBI 
MX system (requires an enhanced break! 
trace board) 


1'A196PLCC68PGA 68-pin PGAtarget adapter 


ICEXONCE 
Target adapter for ONCE(on-circuit) 
emulation 


ICE196KBPC 
ICE·196KBlPG-PC form-factor in-circuit 
emulator 


D86ASM96NL 
ASM-96 macroassembler" 


D86C96NL 
G-96 compiler" 


D86PLM96NL 
PlJM-96 compiler" 


"Also includes: RelocatorlLinker, object·to-hex converter, 
librarian. and floating point arithmetic library 


For direct information on Intel's Development1OO1s,or for 
the number of your nearest sales olTIceor distributor, call 
8QO-874-6835 (U.S.).For information or literature on 
additional Intel products, call 800-548-4725 (U.S.and 
canada). 


Using the 
8 
80186/188/C186/C188 


The 80186 microprocessor family holds the position of 
industry standard among high integration microproces- 
sors. VLSI technology incorporates the most common- 
ly used peripheral functions with a 16-bit CPU on the 
same silicon die to assure compatibility and high reli- 
IIbility(see Figure I). The 80186 reputation for flexibili- 
ty and uncomplicated programming make it the first 
choice microprocessor for such data control applica- 
tions as local area network 
equipment, PC add-on 


cards, terminals, disk storage subsystems, avionics, and 
medical instrumentation. 


There are two purposes to this Application Note. The 
first is to explain the operation of the integrated 80186 
peripheral 
set with a degree of detail not possible 


in the data sheet. The second is to describe, through 
examples, the use of the 80186 with other digital logic 
such as memory. 


The 80186 family actually consists of 4 devices: the 
original 80186 and 80188, and the new 8OCl86 and 
80CI88 
microprocessors 
manufactured 
on 
Intel's 


CHMOS III process. The 80188 and 8OCl88 are 16-bit 
microprocessors but have 8-bit external data buses. The 
8OCl86 and 8OCl88 offer the advantage of increased 
speed (up to 16 MHz) and important new features in- 
cluding a Refresh Control Unit, Power-Save Logic, and 
ONCETM Mode (see Figure 2). For simplicity, this Ap 
Note uses the name 80186 to refer collectively to all the 
members of the 80186 family. Differences between indi- 
vidual processors are pointed out as necessary. 
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2.0 
OVERVIEW 
OF THE 80186 
FAMILY 


The 80186 CPU shares a common base architecture 
with the 8086, 8088, 80286,and 80386 processors. It is 
completely object code compatible with the 8086/88. 
This architecture features four l6-bit general purpose 
registers (AX, BX, CX, OX) which may be used as 
operands in most arithmetic operations in either 8- or 
l6-bit units. It also features four l6-bit pointer registers 
(SI, 01, BP, SP) which may be used both in arithmetic 
operations and in accessing memory based variables. 
Four l6-bit segment registers (CS, OS, SS, ES) allow 
simple memory partitioning to aid construction of mod- 
ular programs. Finally, it has a l6-bit instruction point- 
er and a l6-bit status register. 


Physical memory addresses are generated by the 80186 
identically to the 8086. The 16-bit segment value is 
shifted left 4 bits and then added to an offset value 
which is derived from combinations of the pointer 
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CHIP 
SELECT 
CONTROL 
UNIT 


registers, the instruction pointer, and immediate values 
(see Figure 3). Any carry of this addition is ignored. 
The result is a 20-bit physical address. 


The 80186 has a 16-bit ALU which performs 8 or 16- 
bit arithmetic and logical operations. It provides for 
data movement among registers, memory and I/O 
space. In addition, the CPU allows for high speed data 
transfer from one area of memory to another using 
string move instructions, and to or from an I/O port 
and memory using block I/O instructions. Finally, the 
CPU provides many conditional branch and control in- 
structions. 


In the 80186, as in the 8086, instruction fetching and 
instruction execution are performed by separate units: 
the bus interface unit and the execution unit, respec- 
tively. The 80186 also has a 6-byte prefetch queue as 
does the 8086. The 80188 has a 4-byte prefetch queue 
as does the 8088. As a program is excecuting, opcodes 
are fetched from memory by the bus interface unit and 
placed in this queue. Whenever the execution unit re- 
quires another opcode byte, it takes the byte out of the 
queue. Effective processor throughput is increased by 


inter 


18BITS----', 


14----18 
BITS----'I 


SEGMENT VALUE 
~ 


+ 


Figure 3. Physical Address 
Generation In the 80186 


adding this queue, since the bus interface unit may con- 
tinue to fetch instructions while the execution unit exe- 
cutes a long instruction. Then, when the CPU com- 
pletes this instruction, it does not have to wait for an- 
other instruction to be fetched from memory. 


Although the 80186 is completely object code compati- 
ble with the 8086, most of the 8086 instructions require 
fewer clock cycles to execute on the 80186 than on the 
8086 because of hardware enhancements in the bus in- 
terface unit and the execution unit. In addition, the 
80186 has many new instructions which simplify as- 
sembly language programming, enhance the perform- 
ance of high level language implementations, and reo 
duce code size. The added instructions are described in 
Appendix H of this Ap Note. 


The 80186 includes a DMA unit which provides two 
flexible DMA channels. This DMA unit will perform 
transfers to or from any combination of I/O space and 
memory space in either byte or word units. Every 
DMA cycle requires two to four bus cycles, one or two 
to fetch the data and one or two to deposit the data. 
This allows word data to be located on odd boundaries, 
or byte data to be moved from odd locations to even 
locations. 


Each 
DMA 
channel 
maintains 
independent 
20-bit 


source and destination pointers. Each of these pointers 
may independently 
address 
either 110 or memory 
space. A.fter each DMA cycle, the pointers may be op- 
tIOnally mcremented, decremented, or maintained con- 
stant. Each DMA channel also maintains a transfer 


count which can terminate a series of DMA transfers 
after a pre-programmed number of transfers. 


The timer unit contains 3 independent 
16-bit timer/ 
counters. Two of them can count external events, pro- 
vide waveforms based on either the CPU clock or an 
external clock, or interrupt the CPU after a specified 
count. 
The 
third 
timer/counter 
counts 
only 
CPU 
clocks. After a programmable interval, it can interrupt 
the CPU, provide a clock pulse to either or both of the 
other timer/counters, 
or send a DMA request pulse to 
the integrated DMA controller. 


The integrated interrupt controller arbitrates interrupt 
requests between all internal and external sources. It 
can be directly cascaded as the master to an external 
8259A or 82C59A interrupt controller. In addition, it 
can be configured as a slave controller. 


The on-board crystal oscillator can be used with a par- 
allel resonant, fundamental mode crystal at 2X the de- 
sired CPU clock speed (i.e., 16 MHz for an 8 MHz 
80186), or with an external oscillator also at 2X the 
CPU clock. The output of the oscillator is internally 
divided by two to provide the 50% duty cycle CPU 
clock from which all 80186 system timing is derived. 
The CPU clock is externally available, and all timing 
parameters are referenced to it. 


2.7 Chip Select and Ready 
Generation 
Unit 


The 80186 includes integrated chip select logic which 
can be used to enable memory or peripheral devices. Six 
output lines are used for memory addressing and seven 
output lines are used for peripheral addressing. 


The memory chip select lines are split into 3 groups for 
separately addressing the major memory areas in a typi- 
cal 80186 system: upper memory for reset ROM, lower 
memory for interrupt vectors, and mid-range memory 
~or program memory. The size of each of these regions 
ISuser programmable. The starting location and ending 
location of lower memory and upper memory are fixed 
a.tOOOOOHan~ FFFFFH respectively; the starting loca- 
tIOnof the mId-range memory is user programmable. 


Each of the seven peripheral select lines address one of 
seven contiguous 128 byte blocks above a programma- 
ble base address. This base address can be located in 


intJ 


either memory or I/O space so that peripheral devices 
may be I/O or memory mapped. 


Each of the programmed chip select areas has associat- 
ed with it a set of programmable ready bits. These bits 
allow a programmable number of wait states (0 to 3) to 
be automatically inserted whenever an access is made 
to the area of memory associated with the chip select 
area. In addition, a bit determines whether the external 
ready signals (ARDY 
and SRDY) will be used, or 


whether they will be ignored (Le., the bus cycle will 
terminate even though a ready has not been returned on 
the external pins). There are 5 total sets of ready bits 
which allow independent ready generation for each of 
upper memory, lower memory, mid-range memory, pe- 
ripheral devices 0-3 and peripheral devices 4-6. 


The integrated peripheral and chip select circuitry is 
controlled by sets of 16-bit registers accessed using 
standard input, output, or memory access instructions. 
These peripheral control registers are all located within 
a 256 byte block which can be placed in either memory 
or I/O space. Because they are accessed exactly as if 
they were external devices, no new instruction types are 
required to access and control the integrated peripher- 
als. 


The 80186 bus structure is very similar to that of the 
8086. It includes a multiplexed address/data bus, along 
with various control and status lines (see Table I). Each 
bus cycle requires a minimum of 4 CPU clock cycles 
along with any number of wait states required to ac- 
commodate access limitations of external memory or 
peripheral 
devices. The bus cycles initiated by the 


80186 CPU are identical to the bus cycles intitiated by 
the 80186 integrated DMA unit. 


Each clock cycle of the 80186 bus cycle is called a "T" 
state, and are numbered sequentially Tt, T2' T3' Tw 
and T4. Additional idle T states (Tj) can occur between 
T4 and Tl when the processor requires no bus activity 
(instruction fetches, memory writes, I/O reads, etc.). 
The ready signals control the number of wait states 
(tw) inserted in each bus cycle. The maximum number 
of wait states is unbounded. 


The beginning of a T state is signaled by a high to low 
transition of the CPU clock. Each T state is divided 
into two phases, phase 1 (or the low phase) and phase 2 
(or the high phase) (see Figure 4). 
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NOTES: 
1. Falling 
edge of Tn. 


2. Rising edge of Tn. 


Different types of bus activity occur for all of the 
T-states (see Figure 5). Address generation information 
occurs during Th data generation during T2' T3' Tw 
and T4. The beginning of a bus cycle is signaled by the 
status lines of the processor going from a passive state 
(all high) to an active state in the middle of the T-state 
immediately before Tl (either a T4 or a Tj). Informa- 
tion concerning an impending bus cycle appears during 
the T-state immediately before the fLrStT-state of the 
cycle itself. Two different types of T4 and Tj can be 
generated: one where the T state is immediately fol- 
lowed by a bus cycle, and one where the T state is 
immediately followed by an idle T state. 


During the first type of T4 or T;, status information 
concerning the impending bus cycle is generated for the 
bus cycle immediately to follow. This information will 
be available no later than tCHSVafter the low-to-high 
transition of the 80186 clock in the middle of the T 
state. During the second type of T4 or Tj, the status 
outputs remain inactive because no bus cycle will fol- 
low. The decision on which type T4 or Tj state to pres- 
ent is made at the beginning of the T-state preceding 
the T4 or Tj state (see Figure 6). This determination has 
an effect on bus latency (see Section 3.3.2). 
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Function 
Signal Name 


address/data 
ADO-AD15 
address/ status 
A16/53·A 19·56, SHE/57 
co-processor 
control 
TE5T 
local bus arbitration 
HOLD, HLDA 
local bus control 
ALE,RD,VVR,DT/R,DEN 
multi-master 
bus 
LOCK 
ready (wait) interface 
5RDY,ARDY 
status information 
50-52 
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Physical addresses are generated by the 80186 during 
T) of a bus cycle. Since the address and data lines are 
multiplexed on the same set of pins, addresses must be 
latched during T) if they are required to remain stable 
for the duration of the bus cycle. To facilitate latching 
of the physical address, the 80186 generates an active 
high ALE (Address Latch Enable) signal which can be 
directly connected to a transparent latch's strobe input. 


Figure 7 illustrates the physical address generation pa- 
rameters of the 80186. Addresses are guaranteed valid 
no greater than tCLAV after the beginning of TJ, and 
remain valid at least tCLAX after the end of T). The 
ALE signal is driven high in the middle of the T state 
(either T4 or T;) immediately preceding T) and is driv- 
en low in the middle of TJ, no sooner than tAVLLafter 
addresses become valid. This parameter (tAvLd is re- 
quired to satisfy the address latch set-up times of ad- 
dress valid until strobe inactive. Addresses remain sta- 
ble on the address/data 
bus at least tLLAX after ALE 


goes inactive to satisfy address latch hold times. 


T,OR 


T. 


ClOCK 


OUT 


NOTES: 
1. !cHLH: Clock high to ALE high 
2. !cLAY: Clock low to address valid 
3. !cHLL: Clock high to ALE low 
4. !cLAX: Clock low to address invalid (address hold 
from clock low) 
5. tLLAX:ALE low to address invalid (address hold from 
ALE) 
6. tAVLL:Address valid to ALE low (address setup to 
ALE) 


Figure 7. Address Generation 
Timing of the 80186 


Because ALE goes high before addresses become valid, 
the delay through the address latches will be the propa- 
gation delay through the latch rather than the delay 
from the latch strobe, which is typically longer than the 


propagation delay. Note that the 80186 drives ALE 
high one full clock phase earlier than the 8086 or the 
82C88 bus controller, and keeps it high throughout the 
8086 or 82C88 ALE high time (i.e., the 80186 ALE 
pulse is wider). 


A typical circuit for latching physical addresses is 
shown in Figure 8. This circuit uses 3 transparent octal 
non-inverting latches to demultiplex all 20 address bits 
provided by the 80186/80188. Typically, the upper 4 
address bits only select among various memory compo- 
nents or subsystems, so when the integrated chip selects 
(see Section 8) are used, these upper bits need not be 
latched. The worst case address generation time from 
the beginning of T) (including address latch propaga- 
tion time for the circuit is: 


Many memory or peripheral devices may not require 
addresses to remain stable throughout a data transfer. 
If a system is constructed wholly with these types of 
devices, addresses need not be latched. In addition, two 
of the peripheral chip select outputs of the 80186 may 
be configured to provide latched Al and A2 outputs for 
peripheral register selects in a system which does not 
demultiplex the address/data 
bus. 
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Figure 8. Demultlplexlng the Address Bus 
of the 80186 Using Transparent Latches 


One more~al 
is generated by the 80186 to address 


memory: BHE (Bus High Enable). This signal, along 
with AO, is used to enable byte devices connected to 
either or both halves (bytes) of the 16-bit data bus. Be- 
cause AO is used only to enable devices onto the lower 
half of the data bus, memory chip address inputs are 
usually driven by address bits AI-AI9, 
not AO-AI9. 


This provides 512K unique word addresses, or 1M 
unique byte addresses. BHE is not present on the 8-bit 
80188. All data transfers occur on the 8-bits of the data 
bus. 


Throughout T2' T3' Tw and T4 of a bus cycle the mul- 
tiplexed address/data 
bus becomes a 16-bit data bus. 


Oata transfers on this bus may be either bytes or words. 
All memory is byte addressable (see Figure 9). 


All bytes with even addresses (AO = 0) reside on the 
lower 8 bits of the data bus, while all bytes with odd 
addresses (AO = 1) reside on the upper 8 bits of the 
data bus. Whenever an access is made to only the even 
byte, AO is driven low, BHE is driven high, and the 
data transfer occurs on 00-07 
of the data bus. When- 


ever an access is made to only the odd byte, BHE is 
driven low, AO is driven high, and the data transfer 
occurs on 08"'::015 of the data bus. Finally, if a word 
access is performed to an even address, both AO and 
BHE are driven low and the data transfer occurs on 
00-015 
of the databus. 


Word accesses are made to the addressed byte and to 
the next higher numbered byte. If a word access is per- 
formed to an odd address, two byte accesses must be 
performed, the fIrst to access the odd byte at the fIrst 
word address on 08-015, 
the second to access the 


even byte at the next sequential word address on 00- 
07. For example, in Figure 9, byte 0 and byte 1 can be 
individually accessed in two separate bus cycles to byte 
addresses 0 and 1 at word address O.They may also be 
accessed together in a single bus cycle to word address 
O.However, if a word access is made to address I, two 
bus cycles will be required, the fIrst to access byte 1 at 
word address 0 (note byte 0 will not be accessed), and 
the second to access byte 2 at word address 2 (note byte 
3 will not be accessed). This is why all word data 
should be located at even addresses to maximize proc- 
essor performance. 


When byte reads are made, the data returned on the 
unused half of the data bus is ignored. When byte 
writes are made, the data driven on the unused half of 
the data bus is indeterminate. 


Because the 80188 and 8OC188externally have only 8- 
bit data buses, the above discussion about upper and 
lower bytes of the data bus does not apply. No perform- 
ance improvement will occur if word data is placed on 
even boundaries in memory space. All word accesses 
require two bus cycles, the first to access to lower byte 
of the word; the second to access the upper byte of the 
word. 


Any 80188/8OC188 access to the integrated peripherals 
is performed 16 bits at a time, whether byte or word 
addressing is used. If a byte operation is used, the exter- 
nal bus only indicates a single byte transfer even though 
the word access takes place. 


Because of the bus drive capabilities of the 80186, addi- 
tional buffering may not be required in many small sys- 
tems. If data buffers are not used in the system, care 
should be taken not to allow bus contention between 
the 80186 and the devices directly connected to the 
80186 data bus. Since the 80186 floats the address/data 
bus before activating any command lines, the only re- 
quirement on a directly connected device is that it float 
its output drivers after a read before the 80186 begins 
to drive address information for the next bus cycle. The 
~ameter 
of interest here is the minimum time from 


RD inactive until addresses active for the next bus cy- 
cle (tRHAV).If the memory or peripheral device cannot 
disable its output drivers in this time, data buffers will 
be required to prevent both the 80186 and the device 
from driving these lines concurrently. This parameter is 
unaffected by the addition of wait states. Oata buffers 
solve this problem because their output float times are 
typically much faster than the 80186 required mini- 
mum. 
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Figure 9. Physical Memory Byte/Word 
Addressing In the 80186 


If data butTers are required, the 80186 provides DEN 
(Data ENable) and DT;R 
(Data TransmitlReceive) 


signals to simplify butTer interfacing. The DEN and 
DT;R 
signals are activated 
during 
all bus cycles. 
The DEN signal is driven low whenever the processor 
is either ready to receive data (during a read) or when 
the processor is ready to send data (during a write). In 
other words, DEN is low during any active bus cycle 
when address information is not being generated on the 
address/data 
pins. In most systems, the DEN signal 


should not be directly connected to the OE input of 
butTers,since unbutTered devices (or other butTers)may 
be directly connected to the processor's address/data 
pins. If DEN were directly connected to several butTers, 
contention would occur during read cycles, as many 
devices attempt to drive the processor bus. Rather, it 
should be a-factor (along with the chip selects for butT- 
ered devices) in generating the output enable. 


The DT;R 
signal determines 
the direction of data 


through the bi-directional butTers. It is high whenever 
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data is being written from the processor, and is low 
whenever data is being read into the processor. Unlike 
the DEN signal, it may be directly connected to bus 
butTers, since this signal does not usually enable the 
output drivers of the butTer. An example data bus sub- 
system supporting both butTered and unbutTered devic- 
es is shown in Figure 10. Note that the A side of the 
butTeris connected to the 80186, the B side to the exter- 
nal device. The DT;R 
signal can directly drive the T 


(transmit) signal of a typical butTer since it has the cor- 
rect polarity. 


The 80186 directl~vides 
the control signals RD, 


WR, LOCK and TEST. In addition, the 80186 pro- 
vides the status signals SO-S2 and S6 from which all 
other required bus control signals can be generated. 


The RD and WR signals strobe data to or from memo- 
ry or I/O space. The RD signal is driven low at the 
beginning of T2, and is driven high at the beginning of 
!i...during all memory and I/O reads (see Figure 11). 
RD will not become active until the 80186 has ceased 
driving address information on the address/data 
bus. 


Data is sampled into the processor at the beginning of 
T4. RD will not go inactive until the processor's data 
hold time has been satisfied. 


IUFFERED 
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Note that the 80186 does not provide separate I/O and 
memory RD signals. If separate I/O read and memory 
read signals are required, they can be synthesized using 
the 82 signal (which is low for all I/O ~ations 
and 


high for all memory operations) and the RD signal (see 
Figure 12). It should be noted that if this approach is 
used, the 82 signal will require latching, since the 82 
signal (like 80 and 8I) goes to an inactive state well 
before the beginning ofT4 (where RD goes inactive). If 
82 was directly used for this purpose, the type of read 
command (I/O or memory) could change just before 
T4 as 82 goes to the inactive state (high). The status 
signals may be latched using ALE the same as the ad- 
dress signals (often using the spare bits in the address 
latches). 


Often the lack of a separate I/O and memory RD sig- 
nal is not important in an 80186 system. Each 80186 
chip select signal will respond to accesses exclusively in 
memory or I/O space. Thus, when a chip select is used, 
the external device is enabled only during accesses to 
the proper address in the proper space. 


The WR signal is also driven low at the beginning ofT2 
and driven high at the be~ing 
of T4 (see Figure 13). 


In similar fashion to the RD signal, the WR signal is 
active for all memory and I/O writes. Again, separate 
memory anc!..!/O control lines m~e 
generated using 


the latched 82 signal along with WR. More im~ant, 
however, is the role of the active-going edge of WR. At 
the time WR makes its high-to-Iow transition, valid 
write data is not present on the data bus. This has con- 
sequences when using WR to enable such devices as 
DRAMs since those devices require the data' to be sta- 
ble on the falling edge. In DRAM 
applications, the 


problem is solved by the DRAM controller (an Intel 
8207, for example). For other applications which re- 
quire valid data before the WR transition, place cross- 
coupled NAND gates between the CPU and the device 
on the WR line (see Figure 14). The added gates delay 
the active-going edge of WR to the device by one clock 
phase, at which time valid data is driven on the bus by 
the 80186. 


NOTES: 
1. teLAZ:Clocklowuntiladdress float 
2. teLRL:ClocklowuntilADactive 
3. tAZRL:Address float untilADactive 
4. tDVCL:Data validuntilclock low(data inputset-up time) 
5. teLDX:Clock lowunilldata invalid(data inputholdtime fromclock) 
6. teLRH:ClocklowuntilADhigh 
7. tRHAV:ADhighuntiladdresses valid 


inter 
USING THE 80186/188/C186/C188 


3.1.6.2 Queue StatusSignals 
Table 2. 80186QueueStatus 


If the RD line is externally grounded during reset and 
remains 
grounded 
during 
processor 
operation, 
the 


80186 will enter Queue Status Mode. When in this 
mode, the WR and ALE signals become queue status 
outputs, reflecting the status of the internal prefetch 
queue during each clock cycle. These signals are pro- 
vided to allow a processor extension (such as the Intel 
8087 floating point processor) to track execution of in- 
structions within the 80186. The interpretation of QSO 
(ALE) and QSl (WR) is given in Table 2. These signals 
change on the high-to-Iow clock transition, one clock 
phase earlier than on the 8086. Note that since execu- 
tion unit operation is independent of bus interface unit 
operation, queue status lines may change in any T state. 


Qs1 
QsO 
Interpretation 


0 
0 
no operation 
0 
1 
first byte of instruction 
taken 


from queue 
1 
0 
queue was reinitialized 
1 
1 
subsequent 
byte of instruction 


taken from queue 


Since the ALE, RD, and WR signals are not directly 
available from the 80186 when it is configured in queue 
status mode, these signals must be derived from the 
status lines SO-S2 using an external 82C88 bus control- 
ler (see Figure 15). To prevent the 80186 from acciden- 
tally entering queue status mode during reset, the RD 
line is internally provided with a weak pullup device. 


NOTES: 
1. teLDV: Clock 
low until data valid 


2. tevcrv: 
Clock 
low until WR active 


3. teVCTX: Clock 
low until WR inactive 


4. teLDOX: Clock 
high until data invalid 


5. tWHDX: WR inactive 
until data invalid 


DELAYED 


WRITE 


(DATAVAllD 


ON LEADING 
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The 80186 provides 3 status outputs which indicate the 
type of bus cycle currently being executed. These sig- 
nals go from an inactive state (all high) to one of seven 
possible active states during the T state immediately 
preceding TI of a bus cycle (see Figure 6). The possible 
status line encodings are given in Table 3. The status 
lines are driven to their inactive state in the T3 or Tw 
state immediately preceding T4 of the current bus cy- 
cle. 


Table 3. 80186 Status Line Interpretation 


S2 
S1 
SO 
Operation 


0 
0 
0 
interrupt acknowledge 


0 
0 
1 
read I/O 


0 
1 
0 
write I/O 


0 
1 
1 
halt 


1 
0 
0 
instruction fetch 


1 
0 
1 
read memory 


1 
1 
0 
write memory 


1 
1 
1 
passive 


The status lines may be directly connected to an 82C88 
bus controller, which provides local bus control signals 
or multi-bus control signals (see Figure 15). Use of the 
82C88 bus controller does not preclude the use of the 
80186 generated RD, WR and ALE signals, however. 
The 80186 directly generated signals can provide local 
bus control signals, while an 82C88 can provide multi- 
bus control signals. 


IUS CONTROL 
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Figure 15. 80186/82C88 Bus 
Controller Interconnection 


Two additional status signals are provided by 80186 
family members. S6 provides information concerning 
the unit generating the bus cycle. It is time multiplexed 
with A19, and is available during T2' T3' T4 and Tw. 
In the 8086 family, all central processors (e.g., the 8086 
and 8087) drive this line low, while all I/O processors 
(e.g., 8089) drive this line high during their respective 
bus cycles. Following this scheme, the 80186 drives this 
line low whenever the bus cycle is generated by the 
80186 CPU, but drives it high when the bus cycle is 
generated by the integrated 80186 DMA unit. This al- 
lows external devices to distinguish between bus cycles 
fetching data for the CPU from those transfering data 
for the DMA unit. 


S7 and BHE are logically equivalent signals provided 
by the 80186 and the 8OCl86 (see Section 3.1.2). S7 is 
always high on the 80188 and 8OCl88 (except during 
80CI88 DRAM refresh cycles) which signifies the pres- 
ence of an 8-bit data bus. 


Three other status signals are available on the 8086 but 
not on the 80186. They are S3, S4, and S5. Taken to- 
gether, S3 and S4 indicate the segment register from 
which the current physical address has been derived. S5 
indicates the state of the interrupt 
flip-flop. On the 


80186, these signals will always be low. 


Finally, the 80186 provides a TEST input and a LOCK 
output. The TEST input is used in conjunction with the 
processor WAIT instruction. It is typically driven by a 
coprocessor to indicate whether it is busy. 


The LOCK output is driven low whenever the data 
cycles of a LOCKED 
instruction 
are executed. A 


LOCKED 
instruction 
is 
generated 
whenever 
the 


LOCK prefix occurs immediately before an instruction. 
The LOCK prefix is active for the single instruction 
immediately following the LOCK prefix. The LOCK 
signal indicates to a bus arbiter (e.g., the 8289) that a 
series of locked data transfers is occurring. The bus 
arbiter should under no circumstances release the bus 
while locked transfers are occurring. The 80186 will 
not recognize a bus HOLD, nor will it allow DMA 
cycles to be run by the integrated DMA controller dur- 
ing locked data transfers. LOCKED transfers are typi- 
cally used in multiprocessor systems to access memory 
based semaphore variables which control 
access to 


shared system resources. 


On the 80186, the LOCK signal will go active during 
T1 of the first DATA cycle of the locked transfer. It is 
driven inactive during T4 of the last DATA cycle of the 
locked transfers (assuming no wait states). On the 8086, 
the LOCK signal is activated immediately after the 
LOCK prefix is executed. The LOCK prefix may be 
executed well before the processor is prepared to per- 
form the locked data transfer. This has the unfortunate 
consequence of activating the LOCK signal before the 
flrSt LOCKED data cycle is performed. Since LOCK is 
active before the 8086 requires the bus for the data 
transfer, 
opcode 
pre-fetching 
can 
be 
LOCKED. 


LOCKED prefetching will not occur with the 80186. 


The LOCK output is also driven low during interrupt 
acknowledge cycles when the integrated interrupt con- 
troller operates in Cascade or Slave Modes (see Sections 
6.5.2 and 6.5.3). In these modes, the operation of the 
LOCK pin may be altered when an interrupt occurs 


during execution of a software-LOCKED 
instruction. 
See Section 6.5.4 for a description of additional hard- 
ware necessary to block DMA and HOLD requests un- 
der such circumstances. 


A HALT bus cycle signifies that the 80186 CPU has 
executed a HLT instruction. It differs from a normal 
bus cycle in two ways. 


The first way a HALT bu~cle 
differs from a normal 
bus cycle is that neither RD nor WR will be driven 
active. Address and data information will not be driven 
by the processor, and no data will be returned. The 
second way a HALT bus cycle differs from a normal 
bus cycle is that the SO-S2 status lines go to their inac- 
tive state (all high) during T2 of the bus cycle, well 
before they go to their inactive state during a normal 
bus cycle. 


Like a normal bus cycle, however, ALE is driven ac- 
tive. Since no valid address information is present, the 
information strobed into the address latches should be 
igiIored. This ALE pulse can be used, however, to latch 
the HALT status from the SO-S2 status lines. 


The processor being halted does not interfere with the 
operation of any of the 80186 integrated peripheral 
units. This means that if a DMA transfer is pending 
while the processor is halted, the bus cycles associated 
with the transfer will run. In fact, DMA latency time 
will improve while the processor is halted because the 
DMA unit will not be contending with the processor 
for access to the 80186 (see section 4.4.1). 


The 82C88 and 8289 are the bus controller and multi- 
master bus arbitration devices used with the 8086. Be- 
cause the 80186 bus is similar to the 8086 bus, they can 
be used with the 80186. Figure 16 shows an 80186 in- 
terconnection to these two devices. 


The 82C88 bus cont~l~nerates 
control signals 
(RD, WR, ALE, DT/R, DEN, etc.) for an 8086 maxi- 
mum mode system. It derives its information by decod- 
ing status lines SO-S2 of the processor. Because the 
80186 and the 8086 drive the same status information 
on these lines, the 80186 can be directly connected to 
the 82C88 just as in an 8086 system. Using the 82C88 
with the 80186 does not prevent using the 80186 con- 
trol signals. Many systems require both local bus con- 
trol signals and system bus control signals. In this type 
of system, the 80186 lines could be used as the local 
signals, with the 82C88 lines used as the system signals. 
Note that in an 80186 system, the 82C88 generated 
ALE pulse occurs later than that of the 80186 itself. In 
many multimaster bus systems, the 82C88 ALE pulse 
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should be used to strobe the addresses into the system 
bus address latches to insure that the address hold 
times are met. 


The 8289 bus arbiter arbitrates the use of a multi-mas- 
ter system bus among various devices, each of which 
can become the bus master. This component also de- 
codes status lines SO-S2 directly to determine when the 
system bus is required. When the system bus is re- 
quired, the 8289 forces the processor to wait until it has 
acquired control of the bus, then it allows the processor 
to drive address, data and control information onto the 
system bus. The system determines when it requires 
system bus resources by an address decode. Whenever 
the address being driven coincides with the address of 
an on-board resource, the system bus is not required 
and thus will not be requested. The circuit shown in 
Figure 17 factors the 80186 chip select lines to deter- 
mine when the system bus should be requested, or 
when the 80186 request can be satisfied using a local 
resource. 


The 80186 provides two ready lines, a synchronous 
ready 
(SRDY) 
line 
and 
an 
asynchronous 
ready 


(ARDY) line. These lines signal the bus controller to 
insert wait states (Tw) into a CPU bus cycle, allowing 
slower devices to respond to bus activity. Wait states 
will only be inserted when both ARDY and SRDY are 
low, i.e., only one of the lines need be active to termi- 
nate a bus cycle. Figure 17 depicts the logical ORing of 
the ARDY and SRDY functions. Any number of wait 
states may be inserted into a bus cycle. The 80186 will 
ignore the RDY inputs during any accesses to the inte- 
grated peripheral registers and to any area where the 
chip select ready bits indicate that the external ready 
should be ignored. 


inter 
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NOTES: 
1. AsynchronousResolutionFlipFlop 
2. Ready Latch FlipFlop 
3. R2 Bitin ChipSelect Registers (selects InternalOnly(1)or External(0» 
4. InternallyGenerated UnitStates Controlledby ROand R1 Bitsin ChipSelect Registers 


The timing required by the two RDY lines is different. 
Inputs to the ARDY pin will be internally synchroniz- 
ed to the CPU clock before being presented to the rest 
of the bus control logic as shown in Figure 17. The first 
flip-flop is used to "resolve" the asynchronous tran- 
sition of the ARDY line. It will achieve a definite high 
or low level before its output is latched into the second 
flip-flop. When latched high, it passes along the level 
present on the ARDY line; when latched low, it forces 
not ready to be passed along to the rest of the circuit. 
(See Appendix B for synchronizer information.) 


Figure 
18 depicts activity for Normally-Ready 
and 


Normally-Not-Ready 
configurations of external logic. 
Remember that for ARDY to force wait states, SRDY 
must be low as well. 


In a Normally-Not-Ready 
implementation 
the setup 


and hold times of both the resolution flip-flop and the 
ready latch must be satisfied. The ARDY pin must go 
active at least TARYHCH(also denoted TARYCW be- 
fore the rising edge of Tz, T3 or TW' and stay active 
until TCLARXafter the falling edge ofT3 or Tw to stop 
generation of wait states and terminate the bus cycle. If 
ARDY goes active before the rising edge of Tz and 
stays active after the falling edge of T3 there will be no 
wait state inserted. 


In a Normally-Ready 
implementation 
the setup and 


hold times of either the resolution flip-flop or the ready 
latch must be met. Wait states will be generated if 
ARDY 
goes 
inactive 
TARYHCH (also 
denoted 
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In a Normally-Not-Ready 
system, 
wait 
states 
will be inserted 
unl ••• 
: 
1. tARYHCH (also 
denoted 
tARYCH): ARDY 
active 
to clock 
high (ARDY 
resolution 
setup 
time) 


2. IcLARx: 
Clock 
low to ARDY 
inactive 
(ARDY 
active 
hold time) 


Twor 
I 
T30r 
Twor 
I 
T2 
I 
T3 
I 
T4 


~ 


In a Normally-Ready 
system, 
wait 
states 
will be inserted 
If: 


1. tARYHCH (also 
denoted 
tARYCH): ARDY 
low to clock 
high (ARDY 
resolution 
setup 
time) 


2. tARYCHL: Clock 
high to ARDY 
high (ARDY 
inactive 
hold time) 


Twor 
I 
T30r 
Twor 
I 
T2 
I 
T3 
I 
T4 


~ 


Alternatively, 
in a Normally-Ready 
system, 
wait 
states 
will be inserted 
If: 
1. tARYLCL: ARDY 
low to clock 
low (ARDY 
setup 
time) 


2. ttCLARX: Clock 
low to ARDY 
high (ARDY 
active 
hold time) 


ARDY 
must 
meet 
TARYLCL and TCLARX or undesired 
CPU operation 
will result. 


inter 


TARYCIVbefore the rising edge of T2 and stays inac- 
tive a minimum of TARYCHL after the edge, or if 
ARDY goes inactive at least TARYLCLbefore the fall- 
ing edge of T3 and stays inactive a minimum 
of 


TCLARXafter the edge. The 80186 ready circuitry per- 
forms this way to allow a slow device the maximum 
amount of time to respond with a not ready after it has 
been selected. 


The synchronous ready (SRDY) line requires that all 
transitions on this line during T2' T3' or Tw satisfy 
setup and hold times (tSRYCLand tCLSRYrespective- 
ly). If these requirements are not met, the CPU will not 
function properly. Valid transitions on this line and 
subsequent wait state insertion is shown in Figure 19 
the bus controller looks at SRDY at the beginning of 
each T3 and Tw. If the line is sampled active at the 
beginning of either of these two cycles, that cycle will 
be immediately followed by T4. If the line is sampled 
inactive at the beginning of either T state, that cycle 
will be followed by a Tw. Any asynchronous transition 
on the SRDY line not occurring at the beginning ofT3 
or Tw, i.e., when the processor is not sampling the 
input, will not cause CPU malfunction. 


Bus cycles occur sequentially, but do not necessarily 
come immediately one after another, that is the bus 
may remain idle for several T states (T;) between each 
bus access initiated by the 80186. The reader should 
recall that a separate unit, the bus interface unit, fetches 
opcodes from memory, while the execution unit actual- 
ly executes the pre-fetched instructions. The number of 
clock cycles required to execute an 80186 instruction 
vary from 2 clock cycles for a register to register move 
to 67 clock cycles for an integer divide. 


If a program contains many long instructions, program 
execution will be CPU limited, that is, the instruction 
queue will be constantly filled. Thus, the execution unit 
does not need to wait for an instruction to be fetched. If 
a program contains mainly short instructions (for ex- 
ample, data move instructions), the execution will be 
bus limited. Here, the execution unit will have to wait 
often for an instruction to be fetched before it contin- 
ues. Programs illustrating this effect and performance 
degradation of each with the addition of wait states are 
given in appendix G. 


Although the amount of bus utilization will vary con- 
siderably from one program to another, a typical in- 
struction mix on the 80186 will require greater bus uti- 
lization than the 8086.•The 80186 executes most in- 
structions in fewer clock cycles, thus requiring instruc- 
tions from the queue at a faster rate. This also means 
that the effect of wait states is more pronounced in an 
80186 system than in an 8086 system. In all but a few 
cases, however, the performance degradation incurred 
by adding a wait state is less than might be expected 
because instruction 
fetching and execution are per- 


formed by separate units. 


With the above knowledge of the 80186 bus, various 
memory interfaces may be generated. ,One of the sim- 
plest is the example EPROM interface shown in Figure 
20. 
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NOTES: 
1. Decision:Not Ready, T-State willbe followedby a wait state 
2. Decision:Ready, T-State willnot be followedby a waitstate 
3. tSRYCL:Synchronous ready stable untilclock low(SRDYset-up time) 
4. lcLSRY:Clocklowuntilsynchronous ready transition(SRDYholdtime) 
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The addresses are latched using the circuit shown earli- 
er. Note that the AOline of each EPROM is connected 
to the Al address line from the 80186, NOT the AO 
line. Remember, AO only signals a data transfer on the 
lower 8 bits of the 16-bit data bus. The EPROM out- 
puts are connected directly to the address/data 
inputs 
of the 80186, and the 80186 RD signal is used as the 
OE for the EPROMs. 


The chip enable of the EPROM is driven directly by 
the chip select output of the 80186 (see section 8). In 
this configuration, the access time calculation for the 
EPROMs are: 
time from address: (3 + N) • teLCL- teLAV- 
tpo (latch) - tovCL 
time from chip select: (3 + N) • teLCL- teLCSV- tOVCL 
time from RD (OE): (2 + N) teLCL- teLRL- tOVCL 


where: 


tCLAY = time from clock low in T 1 until addresses 
are valid 
tCLCL = clock period of processor 
tpD = time from input valid of latch until output 
valid of latch 
tDYCL = 186 data valid input setup time until clock 
low time in T4 
!eLCSY = time from clock low in T 1 until chip se- 
lects are valid 
tCLRL = time from clock low in Tz until RD goes 
low 
N = number of wait states inserted 


The only significant parameter not included above is 
tRHAY, the time from RD inactive (high) until the 
80186 begins driving address information. The output 
float time of the EPROM must be within this spec. If 
slower EPROMs are used, a discrete buffer must be 
inserted between the EPROM data lines and the ad- 
dress/data 
bus, since these devices may continue to 
drive data information on the multiplexed address/data 
bus when the 80186 begins to drive address information 
for the next bus cycle. 


An example 8203/DRAM interface is shown in Figure 
21. The 8203 provides all required DRAM control sig- 
nals, address multiplexing, and refresh generation. In 
this circuit, the 8203 is configured to interface to 64K 
DRAMs. 


All 8203 cycles are generated off control signals (RD 
and WR) provided by the 80186. These signals will not 
go active until Tz of the bus cycle. In addition, since the 
8203 clock (generated by the internal crystal oscillator 
of the 8203) is asynchronous to the 80186 clock, all 
memory requests by the 80186 must be synchronized to 
the 8203 before the cycle will be run. To minimize this 
synchronization time, the 8203 should be used with the 
highest speed crystal that will maintain DRAM com- 
patability. If a 25 MHz crystal is used (the maximum 
allowed by the 8203) two wait states will be required by 
the example circuit when using 150 ns DRAMs with an 
8 MHz 80186, and three wait states if 200 ns DRAMs 
are used (see Figure 22). 


The entire DRAM array controlled by the 8203 can be 
selected by one or a group of the 80186 provided chip 
selects. These chip selects can also insert the wait states 
required by the interface. 


inter 


LATCH 
000·7 


OE 
010·7 


818 


Since the 8203 is operating 
asynchronously 
to the 
80186, the ROY output of the 8203 must be synchro- 
nized to the 80186. The 80186 ARDY line provides the 
necessary ready synchronization. The 8203 ready out- 
puts operate in a normally not ready mode, that is, they 
are only driven active when an 8203 cycle is being exe- 
cuted, and a refresh cycle is not being run. The 8203 
SACK is presented to the 80186 only when the DRAM 
is being accessed. Notice that the SACK output of the 
8203 is used, rather than XACK. Since the 80186 will 
insert at least one full CPU clock cycle between the 
time RDY is sampled active and the time data must be 
present on the data bus, the XACK signal would insert 
unnecessary additional wait states, since it does not in- 
dicate ready until valid data is available from the mem- 
ory. 


The 8207 advanced dual-port DRAM controller pro- 
vides a high performance DRAM 
memory interface 
specifically for 80186 microcomputer 
systems. This 
controller 
provides 
all 
address 
multiplexing 
and 


DRAM refresh circuitry. In addition, it synchronizes 
and arbitrates 
memory requests from two different 
ports (e.g., an 80186 and a Multibus), allowing the two 
ports to share memory. Finally, the 8207 provides a 
simple interface to the 8206 error detection and correc- 
tion chip. 


The simplest 8207 (and also the highest performance) 
interface is shown in Figure 23. This shows the 80186 
connected to an 8207 using the 8207 slow cycle, syn- 
chronous status interface. In this mode, the 8207 de- 
codes the cycle to be run directly from the status lines 
of the 80186. In addition, since the 8207 CLOCK IN is 
driven by the CLKOUT of the 80186, any performance 
degradation caused by required memory request syn- 
chronization between the 80186 and the 8207 is not 
present. Finally, the entire memory array driven by the 
8207 may be selected using one or a group of the 80186 
memory chip selects, as in the 8203 interface above. 


The 8207 AACK signal generates a synchronous ready 
signal to the 80186 in the above interface. Since dynam- 
ic memory periodically requires refreshing, 80186 ac- 
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NOTES: 
1. teLEL:Clocklowuntilread lowmax 
2. teR: Command active untilRASmax 
3. tec: Command active untilCASmax 
4. tCAC:Access time fromCASmax 
5. tISOU:Inputto output delay max 
6. tOVCL:Data validto clock low(data in set up) min 
Total Access Time = teLEL+ tec + tCAC+ tlSOU+ tOVCL 


Figure 22. Example 
8203 Access Time Calculation 
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cess cycles may occur simultaneously with an 8207 gen- 
erated refresh cycle. When this occurs, the 8207 will 
hold the AACK line high until the processor initiated 
access is run (note, the sense of this line is reversed with 
respect to the 80186 SRDY input). This signal should 
be factored with the DRAM 
(8207) select input and 


used to drive the SRDY line of the 80186. Remember 
that either SRDY and ARDY needs to be active for a 
bus cycle to be terminated. 
If asynchronous devices 
(e.g., a Multibus interface) are connected to the ARDY 
line with 
the 
8207 
connected 
to the SRDY 
line, 


<D& ® are 80186 specs 
® & ® are 8203 specs 
® is a DRAMspec 
® is address latch spec 


care must be taken in design of the ready circuit such 
that only one of the RDY lines is driven active at a time 
to prevent premature termination of the bus cycle. 


The 80186 
employs a HOLD/HLDA 
bus exchange 


protocol. This protocol allows other asynchronous bus 
masters (i.e., ones which drive address, data, and con- 
trol information on the bus) to gain control of the bus. 


In the HOLD/HLDA 
protocol, a device requiring bus 


control 
(e.g., an external 
DMA 
device) raises the 


HOLD line. In response to this HOLD request, the 
80186 will raise its HLDA line after it.has finished its 
current bus activity. When the external device is fm- 
ished with the bus, it drops its bus HOLD request. The 
80186 responds by dropping its HLDA line and resum- 
ing bus operation. 


When the 
80186 
recognizes a bus hold by driving 


HLDA high, it will float many of its signals (see Figure 
24). 
ADO-ADI5 
and 
DEN 
are 
floated 
within 


inter 


teLAZ after the same clock edge that H~A 
is driven 


active. AI6-AI9, 
RD, WR, BHE, DTIR, and SO-S2 


are floated within teHCZ after the clock edge immedi- 
ately before the clock edge on which HLDA comes 
active. 


CLOCK 
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Figure 24. Signal Float/HLDA 
Timing of the 80186 


Only the above mentioned signals are floated during 
bus HOLD. Of the signals not floated by the 80186, 
some have to do with peripheral functionality (e.g., 
TMR OUT). Many others either directly or indirectly 
control bus devices. These signals are ALE and all the 
chip select lines (UCS, LCS, MCSO-3, and PCSO-6). 


The time required between HOLD going active and the 
80186 driving HLDA active is known as bus latency. 
Many factors affect bus latency, including synchroniza- 
tion delays, bus cycle times, locked transfer times and 
interrupt acknowledge cycles. 


The HOLD request line is internally synchronized by 
the 80186, and may therefore be an asynchronous in- 
put. To guarantee recognition on a particular 
clock 


edge, it must satisfy setup and hold times to the falling 
edge of the CPU clock. A full CPU clock cycle is re- 
quired for synchronization (see Appendix B). If the bus 
is idle, HLDA will follow HOLD by two CPU clock 
cycles plus a small amount of setup and propagation 
delay time. The first clock cycle synchronizes the input; 


NOTES: 
1. tHVCL:Holdvaliduntilclock low 
2. lcLHAV:ClocklowuntilHLDAactive 


the second signals the internal circuitry to initiate a bus 
hold (see Figure 25). 


Many factors influence the number of clock cycles be- 
tween a HOLD request and a HLDA. These make bus 
latency longer than the best case shown above. Perhaps 
the most important factor is that the 80186 will not 
relinquish the local bus until the bus is idle. The bus 
can become idle only at the end of a bus cycle. The 
80186 will normally insert no Ti states between T4 and 
T 1 of the next bus cycle if it requires any bus activity 
(e.g., instruction fetches or I/O reads). However, the 
80186 may not have an immediate need for the bus 
after a bus cycle, and will insert Tj states independent 
of the HOLD input (see Section 3.1.1). 


When the HOLD request is active, the 80186 will be 
forced to proceed from T4 to Ti in order that the bus 
may be relinquished. HOLD must go active 3 T-states 
before the end of a bus cycle to force the 80186 to insert 
idle T-states after T4 (one to synchronize the request, 
and one to signal the 80186 that T4 of the bus cycle will 
be followed by idle T-states, see section 3.1.1). After the 
bus cycle has ended, the bus hold will be immediately 
acknowledged. If, however, the 80186 has already de- 
termined that an idle T-state will follow T4 of the cur- 
rent bus cycle, HOLD need go active only 2 T-states 
before the end of a bus cycle to force the 80186 to 
relinquish the bus. This is because the external HOLD 
request is not required to force the generation of idle 
T-states. Figure 26 graphically portrays the scenarios 
depicted above. 
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NOTES: 
1. Decision: Additional internal bus cycles required, no idle T-states 
will be inserted, 
HOLD not active soon enough to 
force idle T-states 
2. Greater than tHVCL:not required since it will not get recognized 
anyway 
3. HOLD request internally synchronized 


NOTES: 
1. HOLD request internally synchronized 
2. Decision: HOLD request active, idle t-states 
will be inserted at end of current bus cycle 
3. Greater than tHVCL 
4. Less than teLHAV 


An external 
HOLD 
has higher 
priority 
than 
both 
the 
80186 CPU 
or integrated 
DMA 
unit. However, 
an ex- 
ternal 
HOLD 
will not separate 
the two cycles needed to 
perform 
a word access when the word accessed 
is locat- 
ed at an odd location 
(see Section 
3.1.3). In addition, 
an 
external 
HOLD 
will not separate 
the two-to-four 
bus 
cycles required 
for the integrated 
DMA 
unit to perform 
a transfer. 
Each 
of these 
factors 
will add 
to the 
bus 
latency 
of the 80186. 


Another 
factor 
influencing 
bus latency 
time 
is locked 
transfers. 
Whenever 
a locked 
transfer 
is occurring, 
the 
80186 will not recognize 
external 
HOLDs 
(nor 
will it 
recogrUze 
internal 
DMA 
bus requests). 
Locked 
trans- 
fers are programmed 
by preceding 
an instruction 
with 
the 
LOCK 
prefix. 
String 
instructions 
may 
be locked. 


Since string 
transfers 
may require 
thousands 
of bus cy- 


cles, bus latency 
time will suffer if they are locked. 


The final factor affecting bus latency time is interrupt 
acknowledge cycles. When an external interrupt con- 
troller is used, or if the integrated interrupt controller is 
used in Slave mode (see Section 4.4.1) the 80186 will 
run two interrupt 
acknowledge cycles back to back. 


These cycles are automatically "locked" and will never 
be separated by bus HOLD. See Section 6.5 on inter- 
rupt acknowledge timing for more information con- 
cerning interrupt acknowledge timing. 


When the HOLD input goes inactive, the processor 
lowers its HLDA line in a single clock as shown in 
Figure 27. If there is pending bus activity, only two Tj 
states will be inserted after HLDA goes inactive and 
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NOTES: 
1. HOLDinternallysynctlronized 
2. Greater than THVCL 
3. Less than TCLHAV 
4. Linescome out of float onlyifa bus cycle is pending 


status information will go active during the last idle 
state concerning the bus cycle about to be run (see Sec- 
tion 3.1.1). If there are no bus cycles to be run by the 
CPU, it will continue to float all lines until the last Ti 
before it begins its first bus cycle after the HOLD. 


A special mechanism exists on the 8OC186/8OC188 
to 


provide for DRAM 
refreshing while the bus is in 


HOLD. If the refresh control unit issues a request to 
the integrated bus controller while HOLD is in effect, 
the processor lowers HLDA. It is the responsibility of 
the external bus master to release the bus by deasserting 
HOLD so that the refresh cycle can take place (see 
Figure 28). The external master can then reassume con- 
trol of the bus subject to the usual requirements placed 
on the HOLD input. 
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NOTES: 
1. HLDAdeasserted, signalingneed to run DRAMrefresh cycle; less than lcLHAv, 
2. Externalbus master terminates use of the bus. 
3. HOLDdeasserted; greater than tHVCL. 
4. HOLDmay be reasserted after one clock. 
5. Linescome out of float in order to run DRAMrefresh cycle. 


Figure 28. Release of 80C186/80C188 
HOLD to Run Refresh Cycle 
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3.4 
Differences 
between 
the 8086 Bus 
and the 80186 Bus 


The 80186 bus was defined to be upward compatible 
with the 8086 bus. As a result, the 8086 bus interface 
components (the 82C88 bus controller and the 8289 bus 
arbiter) may be used with the 80186. There are a few 
significant 
differences 
between 
the 
two 
processors 


which should be considered. 


The 
80186 employs an integrated 
clock generator 


which provides a 50% duty cycle CPU clock. This is 
different from the 8086, which utilizes an external clock 
generator to provide 33% ('I. high, % low) CPU clock. 
The following points relate to 80186 clock generation: 


1) The 80186 uses a crystal or external frequency in- 
put twice the desired processor clock frequency. 
2) No oscillator output is available from the 80186 


internal oscillator. 
3) The 80186 does not provide a clock output at re- 
duced frequency from the 80186. However, a tim- 
er output may be easily programmed for this pur- 
pose. 


4) Interfacing the 80186 to devices needing a 33% 
duty cycle clock (for example, the 8087) is possi- 
ble, but requires careful timing analysis. 
5) Care should be exercised not to exceed the drive 


capability of the 80186 CLKOUT pin. 


The 80186 simultaneously provides both local bus con- 
troller outputs 
and status outputs for use with the 


82C88 bus controller. This is different from the 8086 
where the local bus controller outputs are sacrificed if 


CLOCK 
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188 
as 


NOTES: 
1. 80186 changes queue status off fallingedge of ClK 
2. 8086 changes queue status off risingedge of ClK 


status outputs are desired. These differences will mani- 
fest themselves in 8086 systems and 80186 systems as 
follows: 


1) Because the 80186 can simultaneously provide lo- 


cal bus control signals and status outputs, many 
systems supporting 
both a system bus (e.g., a 


MULTIBUSiB» and a local bus will not require 
two separate external bus controllers, that is, the 
80186 bus control signals may be used to control 
the local bus while the 80186 status signals are 
concurrently connected to the 82C88 bus control- 
ler to drive the control signals of the system bus. 


2) The ALE signal of the 80186 goes active a clock 


phase earlier on the 80186 then on the 8086 or 
82C88. This minimizes address propagation time 
through the address latches, since typically the de- 
lay time through these latches from inputs valid is 
less than the propagation delay from the strobe 
input active. 


3) The 80186 RD input must be tied low to provide 


queue status outputs from the 80186 (see Figure 
29). When so s~ped 
into "queue status mode," 


the ALE and WR outputs provide queue status 
information. Notice that queue status information 
is available one clock phase earlier from the 80186 
than from the 8086 (see Figure 30). 
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Figure 29. Generating 
Queue Status 
Information 
from the 80186 
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As discussed earlier, the 80186 uses a HOLDIHLDA 
protocol for exchanging bus mastership (like the 8086 
in min mode) rather than the RQ/GT protocol used by 
the 8086 in max mode. This allows compatibility with 
Intel's bus master peripheral devices (for example the 
82586 Ethernet controller or 82730 high performance 
CRT controller/text 
coprocessor). 


The 80186 does not provide S3-S5 status information. 
On the 8086, S3 and S4 provide information regarding 
the segment register generating the physical address of 
the current bus cycle. S5 provides information concern- 
ing the state of the interrupt 
enable flip-flop. These 


status lines are always low on the 80186. 


Status signal S6 indicates whether the current bus cycle 
is initiated by either the CPU or a DMA device. Subse- 
quently, it is always low on the 8086. On the 80186, it is 
low whenever the current bus cycle is initiated by the 
80186 CPU, and is high when the current bus cycle is 
initiated by the integrated DMA unit. 


The 80186 does not provide early and late write signals, 
as does the 82C88 bus controller. The WR signal gener- 
ated by the 80186 corresponds to the early write signal 
of the 82C88. This means that data is not stable on the 
address/data 
bus when this signal is driven active. 


The 80186 also does not provide both I/O and memory 
read and write command signals. If these signals are 
desired, an external 82C88 bus controller may be used, 
or the S2 signal may be used to synthesize both com- 
mands (see Section 3.1.6.1). 


The 80186 includes a DMA unit consisting oftwo inde- 
pendent DMA channels. These channels operate inde- 
pendently of the CPU, and drive all integrated bus in- 
terface components (bus controller, chip selects, etc.) 
exactly as the CPU (see Figure 31). This means that 
bus cycles initiated by the DMA unit are the same as 
bus cycles initiated by the CPU (except that S6 = I 
during all DMA initiated cycles). Interfacing the DMA 
unit itself is very simple, since except for the addition of 
the DMA request connection, it is exactly the same as 
interfacing to the CPU. 
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Figure 31. 80186 CPU/OMA 


Channel Internal Model 
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Each of the two DMA channels provides the following 
features: 
• Independent 20·bit source and destination pointers 
which access the I/O 
or memory location from 
which data will be fetched or to which data will be 
deposited 
• Programmable 
auto-increment, 
auto·decrement 
or 
neither of the source and destination pointers after 
each DMA transfer 


• Programmable termination of DMA activity after a 
certain number of DMA transfers 


• Programmable CPU interruption at DMA termina- 
tion 
• Byte or word DMA transfers to or from even or odd 
memory or 110 addresses 


• Programmable generation of DMA requests by: 
I) the source of the data 
2) the destination of the data 
3) timer 2 (see Section 5) 
4) the DMA unit itself (continuous DMA requests) 


Each of the two DMA channels contains a number of 
registers to control channel operation. These registers 
are included in the 80186 integrated peripheral control 
block (see Appendix A). These registers include the 
source and destination pointer registers, the transfer 
count register and the control register. The layout of 
the bits in these registers is given in Figures 32 and 33. 


The 20·bit source and destination pointers access the 
complete I Mbyte address space of the 80186 and all 20 


bits are affected by the auto-increment or auto-decre- 
ment unit of the DMA. The address space is seen as a 
flat, linear array without segments, Even though the 
usual I/O addressability of the 80186 is 64 Kbytes, it is 
possible to perform I/O accesses over a I Mbyte ad· 
dress range. Therefore, it is important to program the 
upper four bits of the pointer registers to 0 if routine 
I/O addresses are desired. 


After every DMA transfer the 16·bit DMA transfer 
count register it is decremented by I, whether a byte 
transfer or a word transfer has occurred. If the TC bit 
in the DMA control register is set, the DMA ST/STOP 
bit (see below) will be cleared when this register goes to 
0, causing all DMA activity to cease. A transfer count 
of zero allows 65536 (216) transfers. 


Upon reset, the contents of the DMA pointer registers 
and transfer count registers are indeterminate; initiali· 
zation of all the bits should be practiced. 


The DMA control register (see Figure 33) contains bits 
which control various channel characteristics, includ· 
ing for each of the data source and destination whether 
the pointer points to memory or I/O space, or whether 
the pointer will be incremented, decremented or left 
alone after each DMA transfer. It also contains a bit 
which selects byte or word transfers. Two synchroniza- 
tion bits determine the source of the DMA requests (see 
Section 4.7). The TC bit determines whether DMA ac· 
tivity will cease after a programmed number of DMA 
transfers, and the INT bit enables interrupts 
to the 
processor when this has occurred (note that an inter- 
rupt will not be generated to the CPU when the transfer 
count register reaches zero unless both the INT bit and 
the TC bit are set). 
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The control register also contains a start/stop 
(ST/ 


STOP) bit which enables DMA transfers. Whenever 
this bit is set, the channel is armed, that is, a DMA 
transfer will occur whenever a DMA request is made to 
the channel. A companion bit, the CHG/NOCHG 
bit, 
allows the DMA control register to be changed without 
modifying the state of the start/stop bit. The ST/STOP 
bit will only be modified if the CHG/NOCHG 
bit is 


also set during the write to the DMA control register. 
The CHG/NOCHG 
bit is write only. It will always be 


read back as a O. Because DMA transfers could occur 
immediately after the ST/STOP 
bit is set, it should 


only be set after all other DMA controller registers 
have been programmed. 
This 
bit 
is automatically 


cleared when the transfer count register reaches zero 
and the TC bit in the DMA control register is set, or 
when the transfer count register reaches zero and un- 
synchronized DMA transfers are programmed. 


All DMA unit programming registers are directly ac- 
cessible by the CPU. This means the CPU can, for ex- 
ample, modify the DMA source pointer register after 
137 DMA transfers have occurred, and have the new 
pointer value used for the 138th DMA transfer. Ifmore 
than one register in the DMA channel is being modified 
at any time that a DMA request may be generated and 
the DMA channel is enabled (the ST/STOP bit in the 
control register is set), the register programming values 
should be placed in memory locations and moved into 
the DMA registers using a locked string move instruc- 
tion. This will prevent a DMA transfer from occurring 
after only some of the register values have changed. 
The above also holds true if a read/modify/write 
type 


of operation is being performed (e.g., ANDing ofTbits 
in a pointer register in a single AND instruction to a 
pointer register mapped into memory space). 


Every 80186 DMA transfer consists of two independent 
bus cycles, a fetch cycle and a deposit cycle (see Figure 
34). During the fetch cycle, the byte or word data is 
accessed according to the source pointer register. The 
data is read into an internal temporary register which is 
not accessible by the CPU. During the deposit cycle, 
the data is written to memory or I/O space at the ad- 
dress in the destination pointer register. These two bus 
cycles cannot be separated by a bus HOLD, a refresh 
cycle, or any other condition except RESET. DMA bus 
cycles are identical to bus cycles initiated by the CPU 
except that the S6 status line is driven to a logic one 
state. 


Each DMA channel has a single DMA request line by 
which an external device may request a DMA transfer. 
The synchronization bits in the DMA control register 
determine whether this line is interpreted to be connect- 
ed to the source or destination of the DMA data. All 
transfer requests on this line are synchronized internal- 
ly to the CPU clock before being presented to internal 
DMA logic. In addition to external requests, DMA re- 
quests may be generated whenever the internal Timer 2 
times out, or continuously by programming the syn- 
chronization bits in the DMA control register for un- 
synchronized DMA transfers. 


Before any DMA request can be generated, the 80186 
internal bus must be granted to the DMA unit. A cer- 
tain amount of time is required for the CPU to grant 
this internal bus to the DMA unit. The time between a 
DMA request being issued and the DMA transfer being 
run is known as DMA latency. Many of the issues con- 
cerning DMA latency are the same as those concerning 
bus latency (see Section 3.3.2). The only important dif- 
ference is that external HOLD and refresh always have 
bus priority over an internal DMA transfer. Thus, the 
latency time of an internal DMA cycle will suffer dur- 
ing an external bus HOLD. 


Each DMA channel has a programmed priority relative 
to the other DMA channel. Both channels may be pro- 
grammed to be the same priority, or one may be pro- 
grammed to be of higher priority than the other chan- 
nel. If both channels are active, DMA latency will suf- 
fer on the lower priority channel. If both channels are 
active and both channels are of the same programmed 
priority, DMA transfer cycles will alternate between 
the two channels (i.e., the first channel will perform a 
fetch and deposit, followed by a fetch and deposit by 
the second channel, etc.). 
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NOTES: 
1. Source 
address 


2. Source 
data 


3. Destination 
address 


4. Destination 
data 


5. If a source 
or destination 
address 
overlaps 
an active 
chip select 
region. 
the chip select 
will go active. 
6. Wait 
states 
are inserted 
by programming 
the chip select/ready 
logic for an active 
address 
region, 
or by the external 
ready pins. 
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The minimum timing required to generate a DMA cy- 
cle is shown in Figure 35. Note that the minimum time 
from DRQ becoming active until the beginning of the 
first DMA cycle is 4 CPU clock cycles. This time is 
independent of the number of wait states inserted in the 
bus cycle. The maximum DMA latency is a function of 
other processor activity. 


Also notice that if DRQ is sampled active at I in Figure 
35, the DMA cycle will be executed, even if the DMA 
request goes inactive before the beginning of the first 
DMA cycle. This does not mean that the DMA request 
is latched into the processor. Quite the contrary, DRQ 
must be active at a certain time before the end of a bus 


cycle for the request to be recognized by the processor. 
If DRQ goes inactive before that window, then no 
DMA cycles will be run. 


The 80186 generates no explicit DMA acknowledge 
(DACK) signal. Instead, the 80186 performs a read or 
write directly to the DMA requesting device. If re- 
quired, a DMA acknowledge signal can be generated by 
a decode of an address, or by merely using one of the 
PCS lines (see Figure 36). Note ALE must be used to 
factor DACK because addresses are not guaranteed 
stable when chip selects go active. 
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4.6 
Internally Generated 
DMA 
Requests 


DMA transfer requests may originate from two of the 
integrated peripherals in the 80186. The source may be 
either the DMA control unit or Timer 2. 


The DMA channel can be programmed so that when- 
ever Timer 2 reaches its maximum count, a DMA re- 
quest will be generated. This feature is selected by set- 
ting the TDRQ bit in the DMA channel control regis- 
ter. A DMA request generated in this manner will be 
latched in the DMA controller, so that once the timer 
request has been generated, it cannot be cleared except 
by running the DMA cycle or by clearing the TDRQ 
bits in both DMA control registers. Before any DMA 
requests are generated in this mode, Timer 2 must be 
initialized and enabled. 


A timer requested DMA cycle being run by either 
DMA channel will reset the timer request. Thus, if 
both channels are using it to request a DMA cycle, only 
one DMA channel will execute a transfer for every 
timeout of Timer 2. Another implication of having a 
single bit timer DMA request latch in the DMA con- 
troller is that if another Timer 2 timeout occurs before 
a DMA channel has a chance to run a DMA transfer, 
the first request will be lost. 


The DMA channel can also be programmed to provide 
its own DMA requests. In this mode, DMA transfer 
cycles will be run continuously at the maximum bus 
bandwidth, until the preprogrammed number of DMA 
transfers have occurred. This mode is selected by pro- 
gramming the synchronization bits in the DMA control 
register for unsynchronized transfers. Note that in this 
mode, the DMA controller will monopolize the CPU 
bus, i.e., the CPU will not be able to perform opcode 
fetching, memory operations, 
etc., while the DMA 
transfers are occurring. Also notice that the DMA will 
only perform the number of transfers indicated in the 
maximum count register regardless of the state of the 
TC bit in the DMA control register. 


4.7 
Externally 
Synchronized 
DMA 
Transfers 


There are two types of externally synchronized DMA 
transfers. These are source and destination synchroniz- 
ed transfers. These modes are selected by programming 
the synchronization (SYN) bits in the DMA channel 
control register. The only difference between the two is 
the time at which the DMA request pin is sampled to 
determine if another DMA transfer is immediately re- 
quired after the currently executing DMA transfer. On 
source synchronized transfers, this is done such that 
two transfers may occur one immediately after the oth- 
er, 
while 
on 
destination 
synchronized 
transfers 
a 


certain amount of idle time is automatically inserted 
between two DMA transfers to allow time for the 
DMA requesting device to drive its DMA request inac- 
tive. 


4.7.1 SOURCE SYNCHRONIZED 
DMA TRANSFERS 


In a source synchronized 
DMA 
transfer, 
the data 
source requests the DMA cycle. An example is a floppy 
disk read from the disk to main memory. In this type of 
transfer, the device requesting the transfer is read dur- 
ing the fetch cycle of the DMA transfer. Since it takes 4 
CPU clock cycles from the time DMA request is sam- 
pled to the time the DMA transfer is actually begun, 
and a bus cycle takes a minimum of 4 clock cycles, the 
earliest time the DMA request pin will be sampled for 
another DMA transfer will be at Tl of the deposit cycle 
of the DMA transfer (assuming no wait states.) This 
allows 3 or more CPU clock cycles between the time 
the DMA requesting device receives an acknowledge to 
its DMA request (around the beginning of T2 of the 
DMA fetch cycle), and the time it must drive this re- 
quest inactive (assuming no wait states) to insure that 
another DMA transfer is not performed if it is not de- 
sired (see Figure 37). 


4.7.2 DESTINATION 
SYNCHRONIZED 
DMA TRANSFERS 


In destination synchronized DMA transfers, the data 
destination requests the DMA transfer. An example of 
this would be a floppy disk write from main memory to 
the disk. In this type of transfer, the device requesting 
the transfer is written during the deposit cycle of the 
DMA transfer. This causes a problem, since the DMA 
requesting device will not receive notification of the 
DMA cycle being run until 3 clock cycles before the 
end of the DMA transfer (if no wait states are being 
inserted into the deposit cycle of the DMA transfer) 
and it takes 4 clock cycles to determine if another 
DMA cycle should run immediately following the cur- 
rent transfer. To get around this problem, the DMA 
unit relinquishes the bus after each destination synchro- 
nized DMA transfer for at least 2 CPU clock cycles to 
allow the requesting device time to drop its DMA re- 
quest if it does not immediately desire another DMA 
transfer. When the bus is relinquished by the DMA 
unit, the CPU may resume bus operation. Typically, a 
CPU initiated bus cycle is inserted between each desti- 
nation synchronized DMA transfer. If no CPU bus ac- 
tivity is required, however, the DMA unit inserts only 2 
CPU clock cycles between the deposit cycle of one 
DMA transfer and the fetch cycle of the next DMA 
transfer. This means that the requesting device must 
drop its request line at least two clock cycles before the 
end of the deposit cycle regardless of the number of 
wait states inserted. Figure 37 shows the DMA request 
going away too late to prevent the immediate genera- 
tion of another DMA transfer. Any wait states inserted 


NOTE: 
1. Current 
DMA source 
synchronized 
transfer 
will not be immediately 
followed 
by another 
DMA transfer 


NEXT 


DMA 


TRANSFER 


NOTE: 
1. Current 
DMA destination 
synchronized 
transfer 
will be followed 
immediately 
by another 
DMA transfer 


in the deposit cycle of the transfer lengthen the amount 
of time from the beginning of the deposit cycle to the 
time DRQ is sampled for another DMA transfer. Thus, 
if the amount of time a device requires to drop its re- 
quest after receiving an acknowledge from the 80186 is 
longer than the 0 wait state 80186 maximum (about I 
clock), wait states can be inserted into the DMA cycle 
to lengthen the amount of time the device has to drop 
its request after receiving the DMA acknowledge. 


Whenever a Non-Maskable Interrupt is received by the 
80186, all DMA activity will be suspended at the end of 
the current DMA transfer. This is performed by the 
NMI automatically setting the DMA Halt (DHLT) bit 
in the interrupt controller status register (see Section 
6.3.7). The timing of NMI required to prevent a DMA 
cycle from occurring is shown in Figure 38. After the 
NMI has been serviced, the DHLT bit can be cleared 
by the programmer to resume DMA activity (i.e., it is 
not automatically cleared when entering the NMI serv- 
ice routine). The DHLT bit is automatically cleared 
when the IRET instruction is executed. In either case, 
DMA activity resumes exactly as it left off, i.e., none of 
the DMA control registers are modified. This DHLT 
bit may also be set by the programmer 
to prevent 


DMA activity during critical sections of code. The 
DHLT bit does not function when the integrated inter- 
rupt controller is configured for Slave Mode. 


4.9 
Example DMA Interfaces 


4.9.1 8272 FLOPPY 
DISK INTERFACE 


An example DMA interface to the 8272 Floppy Disk 
Controller is shown in Figure 39. This shows how a 
typical DMA device can be interfaced to the 80186. An 
example floppy disk software driver for this interface is 
given in Appendix C. 


The data lines of the 8272 are connected, through buff- 
ers, to the 80186 ADO-AD7 
lines. The buffers are re- 
quired because the 8272 will not float its output drivers 
quickly enough to prevent contention with the 80186 
upon the next bus cycle (see Section 3.1.5). 


DMA acknowledge for the 8272 is driven by an address 
decode within the region assigned to PCS2. If PCS2 is 
assigned to be active between I/O locations 0500H and 
057FH, then an access to I/O location 0500H will en- 
able only the chip select, while an access to I/O loca- 
tion 050lH will enable both the chip select and the 
DMA acknowledge. Remember, ALE must be factored 
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Figure 39. Example 8272/80186 
DMA Interface 
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into the DACK generation logic because addresses aJ;e 
not guaranteed stable when the chip selects become ac- 
tive. 


Notice that the TC line of the 8272 is driven by a very 
similar circuit as the one generating DACK (except for 
the reversed sense of the output!). This line is used to 
terminate an 8272 command before the command has 
completed execution. Thus, the TC input to the 8272 is 
software driven in this case. Another method of driving 
the TC input would be to connect the DACK signal to 
one of the 80186 timers, and program the timer to out- 
put a pulse to the 8272 after a certain number of DMA 
cycles have been run (see next section for 80186 timer 
information). 


The above discussion assumed that a single 80186 PCS 
line is free to generate all 8272 select signals. If more 
than one c.!!iE..select is free, however, different 80186 
generated PCS lines could be used for each function. 
For example, PCS2 could be used to select the 8272 and 
PCS3 could be used to drive the DACK line of the 
8272. 


DMA requests are delayed by two clock periods in go- 
ing from the 8272 to the 80186. This is require~ 
the 


8272 tRQR (time from DMA request to DMA RD go- 
ing active) spec. This requires many 80186 CPU clock 
cycles, well beyond the 5 minimum provided by the 
80186 (4 clock cycles to the beginning of the DMA bus 
cycle, 5 to the beginning of T2 of the DMA bus cycle 
where RD will go active). The two flip-flops add two 
complete CPU clock cycles to this response time. 


DMA request will go away after DACK is presented to 
the 8272. During a DMA write cycle (i.e., a destination 
synchronized 
transfer), 
this 
does 
not 
occur 
soon 


enough to prevent the immediate generation of another 
DMA transfer if no wait states are inserted in the de- 
posit cycle to the 8272. Therefore, at least I wait state is 
required by this interface, regardless of the data access 
parameters of the 8272. 


4.9.28274 SERIAL COMMUNICATION 
INTERFACE 


An example 
8274 synchronous/asynchronous 
serial 


chip/80l86 
DMA interface is shown in Figure 40. The 


8274 interface is simpler than the 8272 interface, since 
it does not require a DMA acknowledge signal, and the 
8274 does not require the length of time between a 
DMA request and the DMA read or write cycle that 
the 8272 does. An example serial driver using the 8274 
in DMA mode with the 80186 is given in Appendix C. 
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The data lines of the 8274 are connected through buff- 
ers to the 80186 ADO-AD7 lines. Again, these are re- 
quired not because of bus drive problems, but because 
the 8274 does not float its drivers before the 80186 be- 
gins driving address information on its address/data 
bus. If both the 8274 and the 8272 are included in the 
same 80186 system, they could share the same data bus 
buffer (as could any other peripheral devices in the sys- 
tem). 


The 8274 does not require a DMA acknowledge signal. 
The first read or write of the 8274 data register after the 
8274 generates the DMA 
request signal clears the 


DMA r~t. 
The time between the control signal 


(RD or WR) going active and the 8274 dropping its 
DMA request during a DMA write requires at least one 
wait state be inserted into the DMA write cycle. 


The 80186 includes a timer unit which consists of three 
independent 16-bit timers. These timers operate inde- 
pendently of the CPU. Two have input and output pins 
allowing counting of external events and generation of 
arbitrary waveforms. The third can be used as a timer, 
as a presca1er for the other two timers, or as a DMA 
request source. 


The internal timer unit on the 80186 can be modeled by 
a single counter element, time multiplexed to three reg- 
ister banks, each of which contains different control 
and count values. These register banks are, in turn, 
dual ported between the counter element and the 80186 
CPU (see Figure 41). Figure 42 shows the timer ele- 
ment sequencing, and the subsequent constraints on in- 
put and output signals. There is no connection between 
the sequencing of the counter element through the tim- 
er register banks and the Bus Interface Unit's sequenc- 
ing through T-states. Timer operation and bus interface 
operation are completely asynchronous. 


Each timer is controlled by a block of registers (see 
Figure 43). Each of these registers can be read or writ- 
ten whether or not the timer is operating. All processor 
accesses to these registers are synchronized to all coun- 
ter element accesses to these registers, meaning that one 
will never read a count register in which only half of 
the bits have been modified. Because of this synchroni- 
zation, one wait state is automatically inserted into any 
access to the timer registers. Unlike the DMA unit, 
locking accesses to timer registers will not prevent the 
timer's counter elements from accessing the timer regis- 
ters. 


Each timer has a 16-bit count register which is incre- 
mented for each timer event. A timer event can be 


a low-to-hlgh transition on a TIMERIN 
pin (for Tim- 


ers 0 and I), a pulse generated every fourth CPU clock, 
or a time out of Timer 2 (for Timers 0 and I). Because 
the count register is 16 bits wide, up to 65536 (216) 
timer events can be counted. Upon RESET, the con- 
tents of the count registers are indeterminate and they 
should be initialized to zero before any timer operation. 


Each timer includes a maximum count register. When- 
ever the timer count register is equal to the maximum 
count register, the count register resets to zero, so the 
maximum count value can never be stored in the count 
register. This maximum count value may be written 
while the timer is operating. A maximum count value 
of 0 implies a maximum count of 65536, a maximum 
count value of I implies a maximum count of 1, etc. 
Only equivalence between the count value and the max- 
imum count register value is checked. This means that 
the count value will not be cleared if the value in the 
count register is greater than the value in the maximum 
count register. This situation only occurs by program- 
mer intervention, either by setting the value in the 
count register greater than the value in the maximum 
count register, or by setting the value in the maximum 
count register to be less than the value in the count 
register. If the timer is programmed in this way, it will 
count to the maximum possible count (FFFFH), incre- 
ment to 0, then count up to the value in the maximum 
count register. The TC bit in the timer control register 
will not be set when the counter overflows to 0, nor will 
an interrupt be generated from the timer unit. 
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Timers 0 and I each contain an additional maximum 
count register. When both maximum count registers 
are used, the timer will first count up to the value in 
maximum count register A, reset to zero, count up to 
the value in maximum count register B, and reset to 
zero again. The ALTernate bit in the timer control reg- 
ister determines whether one or both maximum count 
registers are used. If this bit is low, only maximum 
count register A is used; maximum count register B is 
ignored. If it is high, both registers are used. The RIU 
(register in use) bit in the timer control register indi- 
cates which maximum count register is currently being 
used. This bit is 0 when maximum count register A is 
being used, I when maximum count register B is being 
used. The RIU bit is read only. It will always be read 0 
in single maximum count register mode (since only 
maximum count register A will be used). 


Each timer can generate an interrupt whenever the tim- 
er count value reaches a maximum count value. Inter- 
rupts result whenever the timer count matches maxi- 
mum count A (for Timer 2 or Timers 0 and I in single 
max count 
mode) 
and 
whenever 
the timer 
count 
matches maximum count B (for Timers 0 and I in dual 
max count mode). In addition, the MC (maximum 
count) bit in the timer control register is set whenever 
the timer count reaches a maximum count value. This 
bit is never automatically cleared, i.e., programmer in- 
tervention is required. If a timer generates a second 
interrupf request before the first interrupt request has 
been serviced, the first interrupt request to the CPU 
will be lost. 


Each timer has an ENable bit in the timer control regis- 
ter. The timer will count timer events only when this 
bit is set. Any write to the timer control register will 
modify the ENable bit only if the INHibit bit is also set. 
The INHibit bit in the timer control register allows 
selective updating of the timer ENable bit. The value of 
the INHibit bit is not stored in a write to the timer 
control register; it will always be read as a logic zero. 


Each timer has a CONTinuous bit in the timer control 
register. If this bit is cleared, the timer ENable bit will 
be automatically cleared at the end of each timing cy- 
cle. If a single maximum count register is used, the end 
of a timing cycle occurs when the count value resets to 
zero after reaching the value in maximum count regis- 
ter A. If dual maximum count registers are used, the 
end of a timing cycle occurs when the count value re- 
sets to zero after reaching the value in maximum count 
register B. If the CONTinuous bit is set, the ENable bit 
will never be automatically reset. Thus, after each tim- 
ing cycle, another timing cycle will automatically begin. 
For example, in single maximum count register mode, 
the timer will count up to the value in maximum count 
register A, reset to zero, ad infinitum. In dual maxi- 
mum count register mode, the timer will count up the 
value in maximum count register A, reset to zero, 


count up the value in maximum count register B, reset 
to zero, count up to the value in maximum count regis- 
ter A, reset to zero, et cetera. 


Each timer counts events. All timers can use a tran- 
sition of the CPU clock as an event. Because of the 
counter element multiplexing, the timer count value 
will be incremented every fourth CPU clock. For Timer 
2, this is the only timer event which can be used. For 
Timers 0 and I, this event is selected by clearing the 
EXTernal and Prescaler bits in the timer control regis- 
ter. 


Timers 0 and I can use Timer 2 reaching its maximum 
count as a timer event. This is selected by clearing the 
EXTernal bit and setting the Prescaler bit in the timer 
control register. When this is done, the timer will incre- 
ment whenever Timer 2 resets to zero having reached 
its own maximum count. Note that Timer 2 must be 
initialized and running in order to increment the value 
in the other timer/counter. 


Timers 0 and I can also be programmed to count low- 
to-high transitions on the external input pin. Each tran- 
sition on the external pin is synchronized to the 80186 
clock before it is presented to the timer circuitry, (see 
Appendix B for information on 80186 synchronizers). 
The timer counts transitions on the input pin: the input 
value must go low, then go high to cause the timer 
increment. Transitions on this line are latched. Because 
of the counter element multiplexing, the maximum rate 
at which the timer can count is 114 of the CPU clock 
rate. 


Timers 0 and I each have individual timer input pins. 
Alllow-to-high transitions on these input pins are syn- 
chronized, latched, and presented to the counter ele- 
ment when the particular timer is being serviced by the 
counter element. 


Signals on this input can affect timer operation in three 
different ways. The manner in which the pin signals are 
used is determined by the EXTernal and RTG (retrig- 
ger) bits in the timer control register. If the EXTernal 
bit is set, transitions on the input pin will cause the 
timer count value to increment if the timer is enabled 
(the ENable bit in the timer control register is set). 
Thus, the timer counts external events. If the EXTernal 
bit is cleared, all timer increments are caused by either 
the CPU clock or by Timer 2 timing out. In this mode, 
the RTG bit determines whether the input pin will en- 
able timer operation, or whether it will retrigger timer 
operation. 
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When the EXTernal bit is low and the RTG bit is also 
low, the timer will count internal timer events only 
when the timer input pin is high and the ENable bit in 
the timer control register is set. Note that in this mode, 
the pin is level sensitive, not edge sensitive. A low-to- 
high transition on the timer input pin is not required to 
enable timer operation. If the input is tied high, the 
timer will be continually enabled. The timer enable in- 
put signal is completely independent of the ENable bit 
in the timer control register: both must be high for the 
timer to count. Example uses for the timer in this mode 
would be a real time clock or a baud rate generator. 


When the EXTernal bit is low and the RTG bit is high, 
every low-to-high transition 
on the timer input pin 


causes the timer count register to reset to zero. This 
mode of operation can be used to generate a retriggera- 
ble digital one-shot. After the timer is enabled (i.e., the 
ENable bit in the timer control register is set), timer 
operation (counting) will begin only after the first low- 
to-high transition of the timer input pin has been de- 
tected. If another low-to-high transition occurs on the 
input pin before the end of the timer cycle, the timer 
will reset to zero and begin the timer cycle again. A 
timer cycle is defined as the time the timer is counting 
from 0 to the maximum count (either max count A or 
max count B). This means that in the dual max count 
mode, the RIU bit is not set if the timer is reset by the 
low-to-high transition on the input pin. Should a timer 
reset occur when RIU is set (indicating max count B), 
the timer will again begin to count up to max count B 
before resetting the RIU bit. Thus, when the ALTer- 
nate bit is set, a timer reset will retrigger (or extend) the 
duration of the current max count in use (which means 
that either the low or high level of the timer output will 
be extended). If the CONTinuous bit in the timer con- 
trol register is cleared, the timer ENable bit will auto- 
matically be cleared whenever a timer cycle has been 
completed (max count is reached). If the CONTinuous 


INTERNAL 


COUNT 
VALUE 


bit in the timer control register is set, the timer will 
reset to zero and begin another timer cycle whenever 
the current cycle has completed. 


Timers 0 and I each have a timer output pin which can 
perform two functions at programmer option. The first 
is a single pulse indicating the end of a timing cycle. 
The second is a level indicating the maximum count 
register currently being used. The timer outputs operate 
as outlined below whether internal or external clocking 
of the timer is used. If external clocking is used, howev- 
er, the user should remember that the time between an 
external transition on the timer input pin and the time 
this transition is reflected in the timer out pin will vary 
depending on when the input transition occurs relative 
to the timer being serviced by the counter element. 


When the timer is in single maximum count register 
mode, the timer output pin will go low for a single CPU 
clock one clock after the timer is serviced by the coun- 
ter element where maximum count is reached (see Fig- 
ure 44). This mode is useful when using the timer as a 
baud rate generator. 


When the timer is programmed 
in dual maximum 


count register mode, the timer output pin indicates 
which maximum count register is being used. It is low 
if maximum count register B is being used and high if 
maximum count register A is being used. If the timer is 
programmed in continuous mode (the CONTinuous bit 
in the timer control register is set), this pin could gener- 
ate a waveform of almost any duty cycle. For example, 
if maximum count register A contained 10 and maxi- 
mum count register B contained 20, a 33% duty cycle 
waveform would be generated. 


The 80186 timers can be substituted in almost any ap- 
plication for a discrete timer circuit. Such applications 
include baud rate generation, digital one-shots, pulse 
width modulation, event counters and pulse width mea- 
surement. 


The sample program in appendix D shows the 80186 
timer being used with the 80186 CPU to form a real 
time clock. In this implementation, 
Timer 2 is pro- 
grammed to provide an interrupt to the CPU every mil- 
lisecond. The CPU then increments 
memory based 
clock variables. 


The 80186 timers can also be used as baud rate genera- 
tors for serial communication 
controllers 
(e.g., the 
8274). Figure 46 shows this simple connection, and the 
code to program the timer as a baud rate generator is 
included in Appendix D. 


The 80186 timer can be used to count events. Figure 47 
shows a hypothetical set up in which the 80186 timer 
will count the interruptions in a light source. The num- 
ber of interruptions can be read directly from the count 
register ,of the timer, since the timer counts up, i.e., 
each interruption in the light source will cause the tim- 
er count value to increase. The code to set up the 80186 
timer in this mode is included in Appendix D. 
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6.0 
80186 
INTERRUPT 
CONTROLLER 
INTERFACING 


The tasks performed by the 80186 integrated interrupt 
controller 
include 
synchronization 
of interrupt 
re- 
quests, prioritization of interrupt requests, and request 
type vectoring in response to a CPU interrupt acknowl- 
edge. It can be a master to two external 8259A inter- 
rupt controllers or can be a slave to an external master 
interrupt controller. 


The integrated interrupt 
controller block diagram is 


shown in Figure 48. It contains registers and a control 
element. Four inputs are provided for external interfac- 
ing to the interrupt controller. Their functions change 
according to the mode of the interrupt controller. Like 
the other 80186 integrated peripheral registers, the in- 
terrupt controller registers are available for CPU read- 
ing or writing at any time. 


The interrupt controller operates in two major modes, 
Master Mode and Slave Mode. In Master Mode the 
integrated controller acts as the master interrupt con- 
troller for the system, while in Slave Mode the control- 
ler operates as a slave to an external master inter- 


rupt controller. Some of the interrupt controller regis- 
ters and interrupt controller pins change definition be- 
tween these two modes. The difference is when in Mas- 
ter Mode, the interrupt controller presents its interrupt 
input directly to the 80186 CPU, while in Slave Mode 
the interrupt controller presents an interrupt output to 
an external controller (which then presents its interrupt 
input to the 80186 CPU). Placing the interrupt control- 
ler in Slave Mode is done by setting the SLAVEl 
MASTER bit in the peripheral control block pointer 
(see Appendix A). 


6.3 
Interrupt Controller 
Unit 
Programming 


The interrupt 
controller 
has a number of registers 


which control its operation (see Figure 49). Some of 
these change their function between the two major 
modes of the interrupt controller. The differences are 
indicated in the following section. If not indicated, the 
function and implementation 
of the registers is the 


same in the two modes of operation. The interaction 
among the various interrupt 
controller 
registers is 


shown in the flowcharts in Figures 57 and 58. 


Each source of interrupt to the 80186 has a control 
register 
in the 
internal 
controller. 
These 
registers 
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written 
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contain three bits which select one of eight interrupt 
priority levels for the device (0 is highest priority, 7 is 
lowest priority), and a mask bit to enable the interrupt 
(see Figure 50). When the mask bit is zero, the inter- 
rupt is enabled, when it is one, the interrupt is masked. 


There are seven control registers in the 80186 integrat- 
ed interrupt controller. In Master Mode, four of these 
serve the external interrupt inputs, one each for the two 
DMA channels, and one for the collective timer inter- 
rupts. In Slave Mode, the external interrupt inputs are 
not used, so each timer has its own individual control 
register. 


The interrupt controller includes an interrupt request 
register (see Figure 51). This register contains seven 
active bits, one for every interrupt source with an inter- 
rupt control register. Whenever an interrupt request is 
made, the bit in the interrupt request register is set re- 
gardless of whether the interrupt is enabled. These in- 
terrupt request bits are automatically cleared when the 


interrupt is acknowledged. The DI and DO bits of the 
request register can also be set (requesting a DMA in- 
terrupt), 
or cleared (removing a DMA interrupt 
re- 


quest) by programming. 


6.3.3 MASK 
REGISTER 
AND PRIORITY 
MASK 
REGISTER 


The interrupt controller mask register (see Figure 51) 
contains a mask bit for each iIiterrupt source associated 
with an interrupt control register. The bit for an inter- 
rupt source in the mask register is the same bit as pro- 
vided in the interrupt 
control register; modifying a 


mask bit in the control register will also modify it in the 
mask register, and vice versa. 


The interrupt 
priority mask register (see Figure 52) 


contains three bits which indicate the lowest priority an 
interrupt may have that will cause an interrupt request 
to actually be serviced. Interrupts received which have 
a lower priority will be masked. Upon reset this register 
is set to the lowest priority of 7 to enable interrupts of 
any priority. This register may be read or written. 


inter 
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Figure 52. 80186 Interrupt Controller 
Priority Mask Register Format 


The interrupt controller contains an in-service register 
(see Figure 51). A bit in the in-service register is associ- 
ated with each interrupt control register so that when 
an interrupt request by the device associated with the 
control register is acknowledged by the processor (ei- 
ther by the processor running the interrupt acknowl- 
edge or by the processor reading the interrupt poll reg- 
ister) the bit is set. The bit is reset when the CPU issues 
an End Of Interrupt to the interrupt controller. This 
register may be both read and written, i.e., the CPU 
may set in-service bits without an interrupt ever occur- 
ring, or may reset them without using the EOI function 
of the interrupt controller. 


The interrupt controller contains both a poll register 
and a poll status register (see Figure 53). These re- 


gisters contain the same information. They have a sin- 
gle bit to indicate an interrupt is pending. This bit is set 
if an interrupt of sufficient priority has been received. It 
is automatically cleared when the interrupt is acknowl- 
edged. If an interrupt is pending, the remaining bits 
contain information about the highest priority pending 
interrupt. These registers are read-only. 
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Figure 53. 80186 Poll & 
Poll Status Register Format 


Reading the poll register will acknowledge the pending 
interrupt to the interrupt controller just as if the proc- 
essor had acknowledged the interrupt through interrupt 
acknowledge cycles. The processor will not actually run 
any interrupt acknowledge cycles, and will not vector 
through a location in the interrupt vector table. The 
contents of the interrupt request, in-service, poll, and 
poll status registers will change appropriately. Reading 
the poll status register will merely transmit the status of 
the polling bits without modifying any of the other in- 
terrupt controller registers. 


inter 


The poll and poll status registers are not supported in 
Slave Mode. The state of the bits in these registers in 
Slave Mode is not defined. 


The interrupt controller contains an End Of Interrupt 
register (see Figure 54). The programmer issues an End 
Of Interrupt (EOI) to the controller by writing to this 
register. After receiving the EOI, the interrupt control- 
ler automatically resets the in-service bit for the inter- 
rupt. The value of the word written to this register de- 
termines whether the EOI is specific or non-specific. A 
non-specific EOI is specified by setting the non-specific 
bit in the word written to the EOI register. In a non- 
specific EOI, the in-service bit of the highest priority 
interrupt set is automatically cleared, while a specific 
EOI allows the in-service bit cleared to be explicitly 
specified. If the highest priority interrupt is reset, the 
poll and poll status registers change to reflect the next 
lowest priority interrupt to be serviced. If a less than 
highest priority interrupt in-service bit is reset, the pri- 
ority poll and poll status registers will not be modified 
(because the highest priority interrupt to be serviced 
has not changed). Only the specific EOI is supported in 
Slave Mode. This register is write only. 


The interrupt 
controller 
also contains an interrupt 


status register (see Figure 55). This register contains 
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four programmable bits. Three bits show which timer is 
causing an interrupt. This is required because in master 
mode, the timers share a single interrupt control regis- 
ter. A bit in this register is set to indicate which timer 
has generated an interrupt. The bit associated with a 
timer is automatically cleared after the interrupt 
re- 


quest for the timer is acknowledged. More than one of 
these bits may be set at a time. The fourth bit is the 
DMA halt bit (not implemented in Slave Mode). When 
set, this bit prevents any DMA activity. It is automati- 
cally set whenever a NMI is received by the interrupt 
controller. It can also be set by the programmer. This 
bit is automatically cleared whenever the IRET instruc- 
tion is executed. All implemented bits in the interrupt 
status register are read/write. Do not perform the write 
operation when interrupts from the timer/counters 
are 


possible; a conflict with internal use of the register may 
lead to incorrect timer interrupt processing. 


In Slave Mode only, the interrupt controller contains 
an interrupt vector register (see Figure 56). This regis- 
ter specifies the 5 most significant bits of the interrupt 
type vector placed on the CPU bus in response to an 
interrupt acknowledgement (the lower 3 significant bits 
of the interrupt type are determined by the priority lev- 
el of the device causing the interrupt in Slave Mode). 
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The 80186 interrupt controller receives and arbitrates 
among many different interrupt request sources, both 
internal and external. Internal interrupts are processed 
by the interrupt controller in either Master Mode or 
Slave Mode. External interrupts are processed by the 
integrated interrupt controller only in Master Mode. 
Each interrupt source may be programmed to be a dif- 
ferent priority level.' An interrupt request generation 
flow chart is shown in Figure 57. This flowchart is fol- 
lowed independently by each interrupt source. 


The internal interrupt sources are the three timers and 
the two DMA channels. An interrupt 
from each of 


these interrupt sources is latched in the interrupt con- 
troller. The state of the pending interrupt can be ob- 
tained by reading the interrupt request register. Also, 


latched DMA interrupts can be reset by the processor 
by writing to the interrupt request register. Note that 
all timers share a common bit in the interrupt request 
register in master mode. The interrupt controller status 
register may be read to determine which timer is actual- 
ly causing the interrupt 
request. Each timer has a 


unique interrupt vector (see Section 6.5.1). Thus polling 
is not required to determine which timer has caused the 
interrupt in the interrupt service routine. Also, because 
the timers share a common interrupt control register, 
they are placed at a common priority level relative to 
other interrupt sources. Among themselves they have a 
fixed priority, with timer 0 as the highest priority timer 
and timer 2 as the lower priority timer. 


The 80186 interrupt controller will accept external in- 
terrupt requests only when it is programmed in Master 
Mode. 
In this mode, the external 
pins associated 


Figure 57. 80186 Interrupt 
Request 
Sequencing 
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with the interrupt controller may serve either as direct 
interrupt inputs, or as cascaded interrupt inputs from 
other interrupt 
controllers as a programmed option. 


These options are selected by programming the C and 
SFNM bits in the INTO and INTI control registers (see 
Figure 50). 


When programmed as direct interrupt inputs, the four 
interrupt inputs are each controlled by an individual 
interrupt control register. As stated earlier, these regis- 
ters contain 3 bits which select the priority level for the 
interrupt and a single bit which enables the interrupt 
source to the processor. In addition, each of these con- 
trol registers contains a bit which selects edge or level 
triggered mode for the interrupt input. When edge trig- 
gered mode is selected, a low-to-high transition must 
occur on the interrupt input before an interrupt is gen- 
erated, while in level triggered mode, only a high level 
needs to be maintained to generate an interrupt. In edge 
triggered mode, the input must remain low at least I 


clock cycle before the input is rearmed. In both modes, 
the interrupt level must remain high until the interrupt 
is acknowledged, 
i.e., the interrupt 
request 
is not 


latched in the interrupt controller. The status of the 
interrupt input can be shown by reading the interrupt 
request register. Each of the external pins has a bit in 
this register which indicates an interrupt request on the 
particular pin. Note that since interrupt 
requests on 


these inputs are not latched by the interrupt controller, 
if the external input goes inactive, the interrupt requests 
(and also the bit in the interrupt request register) will 
also go inactive (low). 


If the C (Cascade) bit of the INTO or INTI 
control 


registers is set, the interrupt input is cascaded to an 
external interrupt controller. In this mode, whenever 
the interrupt presented to the INTO or INTI 
line is 


acknowledged, the integrated interrupt controller will 
not provide the interrupt type for the interrupt. 
In- 


stead, two INT A bus cycles will be run, with the INT2 


and 
INT3 
lines 
providing 
the 
interrupt 
acknowledge 
pulses 
for the 
INTO and 
the INTI 
interrupt 
requests 
respectively. 
INTO/INn 
and INTIIINT3 
may be in- 
dividually 
programmed 
into 
Cascade 
Mode. 
This 
al- 
lows 128 individually 
vectored 
interrupt 
sources 
if two 
banks 
of 8 external 
interrupt 
controllers 
each are used. 


When 
the 
interrupt 
controller 
is configured 
in Slave 
Mode, 
it accepts 
interrupt 
requests 
only from the inte- 


grated 
peripherals. 
Any external 
interrupt 
requests 
go 


through 
an external 
interrupt 
controller. 
This external 


interrupt 
controller 
requests 
interrupt 
service 
directly 


from 
the 
80186 
CPU 
through 
the 
INTO 
line. In this 
mode, 
the 
function 
of this line is not 
affected 
by the 


integrated 
interrupt 
controller. 
In 
addition, 
in Slave 
Mode 
the integrated 
interrupt 
controller 
must 
request 


interrupt 
service 
through 
this 
external 
interrupt 
con- 


troller. 
This interrupt 
request 
is made on the INT3 
line 


(see Section 
6.6.4 on external 
interrupt 
connections). 


The 80186 can respond 
to an interrupt 
in two different 


ways. 
The 
first will occur 
if the internal 
controller 
is 


providing 
the 
interrupt 
vector 
information 
with 
the 


controller 
in Master 
Mode. The second will occur if the 


CPU reads interrupt 
type information 
from an external 


interrupt 
controller 
or if the interrupt 
controller 
is in 


Slave Mode. 
In both 
of these 
instances 
the 
interrupt 


vector 
information 
driven 
by the 80186 integrated 
in- 


terrupt 
controller 
is not available 
outside 
the 80186 mi- 


croprocessor. 


In each interrupt 
mode, 
when 
the integrated 
interrupt 


controller 
receives 
an interrupt 
response, 
the interrupt 


controller 
will automatically 
set the in-service 
bit and 


reset 
the interrupt 
request 
bit. In addition, 
unless 
the 


interrupt 
control 
register 
for the interrupt 
is set in Spe- 


cial Fully 
Nested 
Mode, 
the 
interrupt 
controller 
will 


prevent 
any interrupts 
from 
occurring 
from 
the same 


interrupt 
line until 
the in-service 
bit for that 
line has 


been cleared. 


In Master 
Mode, 
the interrupt 
types associated 
with all 


the interrupt 
sources 
are fixed and 
unalterable. 
These 


interrupt 
types 
are given in Table 
5. In response 
to an 


internal 
CPU 
interrupt 
acknowledge 
the interrupt 
con- 


troller 
will generate 
the vector 
address 
rather 
than 
the 


interrupt 
type. On the 80186 (like the 8086) the inter- 


rupt 
vector 
address 
is the interrupt 
type multiplied 
by 


4. 


In Master 
Mode, 
no external 
interrupt 
controller 
need 


know 
when 
the 
integrated 
controller 
is providing 
an 


interrupt 
vector, nor when the interrupt 
acknowledge 
is 


taking 
place. As a result, 
no interrupt 
acknowledge 
bus 


cycles 
will be generated. 
The 
first 
external 
indication 


that 
an interrupt 
has been 
acknowledged 
will be the 


processor 
reading 
the interrupt 
vector 
from 
the inter- 


rupt 
vector 
table in memory. 


Table 4. 80186 Interrupt 
Vector 
Types 


Interrupt 
Vector 
Relative 
Name 
Type 
Priority 


Timer 0 
8 
O(a) 
Timer 1 
18 
- 
O(b) 
Timer 2 
19 
O(c) 
DMAO 
10 
1 


DMA1 
11 
2 


INTO 
12 
3 


INT 1 
13 
4 


INT2 
14 
5 


INT3 
15 
6 


Because 
two interrupt 
acknowledge 
cycles are not run, 


interrupt 
response 
to an internally 
vectored 
interrupt 
is 


42 clock 
cycles. 
This 
is faster 
than 
the 
interrupt 
re- 


sponse 
when 
external 
vectoring 
is required, 
or if the 


interrupt 
controller 
is run in Slave Mode. 


If two interrupts 
of the same programmed 
priority 
oc- 


cur, the default 
priority 
scheme 
(as shown in Table 4) is 


used. 


In Slave Mode, 
the interrupt 
types associated 
with the 


various 
interrupt 
sources 
are 
alterable. 
The 
upper 
5 


most significant 
bits are taken from the interrupt 
vector 


register, 
and the lower 3 significant 
bits are taken 
from 


the priority 
level of the 
device 
causing 
the interrupt. 


Because 
the 
interrupt 
type, 
rather 
than 
the 
interrupt 


vector 
address, 
is given by the interrupt 
controller 
in 
this mode the interrupt 
vector address 
must be calculat- 
ed by the CPU 
before servicing 
the interrupt. 


In Slave Mode, 
the integrated 
interrupt 
controller 
will 


present 
the interrupt 
type to the CPU in response 
to the 


two interrupt 
acknowledge 
bus cycles run by the proc- 


essor. During 
the first interrupt 
acknowledge 
cycle, the 


external 
master 
interrupt 
controller 
determines 
which 
slave interrupt 
controller 
will place its interrupt 
vector 


on the microprocessor 
bus. During 
the second interrupt 


acknowledge 
cycle, 
the 
processor 
reads 
the 
interrupt 


vector from its bus. Thus, 
these two interrupt 
acknowl- 


"nter 


edge cycles must be run, since the integrated controller 
will present the interrupt type information only when 
the external interrupt controller signals the integrated 
controller that it has the highest pending interrupt re- 
quest (see Figure 59). The 80186 samples the SLAVE 
SELECT line (INTI) 
during the falling edge of the 
clock at the beginning of T3 of the second interrupt 
acknowledge cycle. This input must be stable before 
and after this edge. 


These two interrupt 
acknowledge cycles will be run 
back to back, and will be LOCKED with the LOCK 
output active. The two interrupt acknowledge cycles 
will always be separated by two idle T states, and wait 
states will be inserted into the interrupt acknowledge 
cycle if a ready is not returned by the processor bus 
interface. The two idle T states are inserted to allow 
compatibility with an external 8259A interrupt control- 
ler. 


Because the interrupt acknowledge cycles must be run 
in Slave Mode and the integrated controller presents an 
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interrupt type rather than a vector address, the inter- 
rupt response time is the same as for an externally vec- 
tored interrupt, namely 55 CPU clocks. 


External 
interrupt 
vectoring 
occurs 
whenever 
the 
80186 interrupt controller is placed in Cascade Mode, 
Special Fully Nested Mode, or Slave Mode (and the 
integrated controller is not enabled by the external mas- 
ter interrupt controller). In this mode, the 80186 gener- 
ates two interrupt acknowledge cycles, reading the in- 
terrupt type off the lower 8 bits of the address/ dat~ bus 
on the second interrupt acknowledge cycle (see FIgure 
59). This interrupt response is exactly the same as the 
8086, so that the 8259A interrupt 
controller can be 
used exactly as it would in an 8086 system. Notice that 
the two interrupt acknowledge cycles are LOCKED, 
and that two idle T-states are always inserted between 
the two interrupt acknowledge bus cycles, and that wait 
states will be inserted in the interrupt acknowledge cy- 
cle if a ready is not returned to the processor. Also 
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Figure 59. 80186 Slave Mode Interrupt 
Acknowledge 
Timing 
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notice that the 80186 provides two interrupt acknowl- 
edge signals, one for interrupts signaled by the INTO 
line, and one for interrupts signaled, by the INTI line 
(on the INT2I1NTAO and INT311NTAllines, 
respec- 


tively). These two interrupt 
acknowledge signals are 


mutually exclusive. Interrupt acknowledge status will 
be driven on the status lines (5O-S2) when either 
INT2I1NTAO or INT311NTAI signal an interrupt ac- 
knowledge. 


6.5.4 EFFECT 
OF LOCK 
PREFIX 
ON 
INTERRUPT 
ACKNOWLEDGE 
CYCLES 


When the interrupt controller is operating in either the 
cascade or slave modes and an interrupt occurs during 
an instruction that has been LOCKED by software, the 
LOCK signal timing shown in Figures 59 and 60 may 
be altered. Some peripheral devices used with the 80186 


require contiguous INT A cycles to allow correct inter- 
rupt controller response. In such cases, the external cir- 
cuitry in Figure 61 should be used to ensure that DMA 
or HOLD requests are blocked from stealing the bus 
during INT A cycles. 


6.6 Interrupt Controller External 
Connections 


The four interrupt signals can be configured into 3 ma- 
jor options. These are direct interrupt inputs (with the 
integrated controller providing the interrupt 
vector), 


cascaded (with an external interrupt controller provid- 
ing the interrupt vector), or Slave Mode. In all these 
modes, any interrupt 
presented to the external lines 


must remain set until the interrupt is acknowledged. 


I 
I 


I 
I 


I 
I 


INTERRUPT TYPE 
(FROM EXTERNAL 


CONTROLLER) 


270657-67 


so 
DO 
00 
51 
01 
01 
52 
02 
02 


74LS373 


ALE 
G 


intJ 


When the Cascade Mode bits are cleared, the interrupt 
input pins are configured as direct interrupt pins (see 
Figure 62). Whenever an interrupt is received on the 
input line, the integrated controller will do nothing un- 
less the interrupt is enabled, and it is the highest priori- 
ty pending interrupt. At this time, the interrupt con- 
troller will present the interrupt to the CPU and wait 
for an interrupt acknowledge. When the acknowledge 
occurs, it will present the interrupt vector address to 
the CPU. In this mode, the CPU will not run any exter- 
nal interrupt acknowledge (INTA) cycles. 


INTERRUPT 


SOURCES 


Figure 62. 80186 Non-Cascaded 
Interrupt 
Connection 


When the Cascade Mode bit is set and the SFNM bit is 
cleared, the interrupt input lines are configured in Cas- 
cade Mode. In this mode, the interrupt input line is 
paired with an interrupt acknowledge line. The INT2I 
INTAO and INT3/INTAllines 
are dual purpose; they 
can function as direct input lines, or they can function 
as interrupt acknowledge outputs. INT2IINTAO 
pro- 
vides the interrupt acknowledge for an INTO input, and 
INT311NTAI 
provides the interrupt acknowledge for 
an INTI input. Figure 63 shows this connection. 


When programmed in this mode, in response to an in- 
terrupt request on the INTO line, the 80186 will provide 
two interrupt acknowled~es. 
These pulses will be 
provided on the INT211NT AO line, and will also be 
reflected by interrupt acknowledge status being gener- 
ated on the SO-S2 status lines. The interrupt type will 
be read on the second pulse. The 80186 externally vec- 
tored interrupt response is covered in more detail in 
Section 6.5. 


INTO/INT2IINTAO 
and INTI/INT3/INTAI 
may be 
individually 
programmed 
into interrupt 
request/ac- 
knowledge pairs, or programmed as direct inputs. This 
means that INTOIINT2/INT AO may be programmed 
as an interrupt/acknowledge 
pair, while INTI 
and 
INT3/INTAI 
each provide separate internally 
vec- 
tored interrupt inputs. 


Figure 63. 80186 Cascade 
and Special 
Fully Nested 
Mode Interface 


When an interrupt is received on a cascaded interrupt 
pin, the priority mask bits and the in-service bits in the 
particular interrupt 
control register will be set. This 
will prevent the controller from generating an 80186 
CPU interrupt request from a lower priority interrupt. 
Also, since the in-service bit is set, any subsequent in- 
terrupt requests on the particular interrupt input line 
will not cause the integrated interrupt controller to gen- 
erate an interrupt 
request to the 80186 CPU. This 
means that if the external interrupt controller receives a 
higher priority interrupt request on one of its interrupt 
request lines and presents it to the 80186, it will not 
subsequently be presented to the 80186 CPU by the 
integrated interrupt controller until the in-service bit 
for the interrupt line has been cleared. 


When both the Cascade Mode bit and the SFNM bit 
are set, the interrupt input lines are configured in Spe- 
cial Fully Nested Mode. The external interface in this 
mode is exactly as in Cascade Mode. The only differ- 
ence is in the conditions allowing an interrupt from the 
external interrupt controller to the integrated interrupt 
controller to interrupt the 80186 CPU. 


When an interrupt 
is received from a Special Fully 
Nested Mode interrupt line, it will interrupt the 80186 
CPU if it is the highest priority interrupt pending re- 
gardless of the state of the in-service bit for the inter- 
rupt source in the interrupt controller. When an inter- 
rupt is acknowledged from a special fully nested mode 
interrupt line, the priority mask bits and the in-service 
bits in the particular interrupt control register will be 


set into the interrupt controller's in-service and priority 
mask registers. This will prevent the interrupt control- 
ler from generating an 80186 CPU interrupt request 
from a lower priority interrupt. Unlike Cascade Mode, 
however, the interrupt controller will not prevent addi- 
tional interrupt requests generated by the same external 
interrupt controller from interrupting the 80186 CPU. 
This means that if the external (cascaded) interrupt 
controller receives a higher priority interrupt request 
on one of its interrupt request lines and presents it to 
the integrated controller's interrupt request line, it may 
cause an interrupt to be generated to the 80186 CPU, 
regardless of the state of the in-service bit for the inter- 
rupt line. 


If the SFNM bit is set and the Cascade Mode bit is not 
set, the controller will provide internal interrupt vector- 
ing. It will also ignore the state of the in-service bit in 
determining whether to present an interrupt request to 
the CPU. In other words, it will use the SFNM condi- 
tions of interrupt generation with an internally vectored 
interrupt response, Le., if the interrupt pending is the 
highest priority type pending, it will cause a CPU inter- 
rupt regardless of the state of the in-service bit for the 
interrupt. 
This operation is only applicable to INTO 


and INTI, which have SFNM bits in their control reg- 
isters. 


When the SLAVE/MASTER bit in the peripheral relo- 
cation register is set, the interrupt controller is in Slave 
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INTl 
ADDR. 
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Mode. In this mode, all four interrupt controller input 
lines are used to perform the necessary handshaking 
with the external master interrupt controller. Figure 64 
shows the hardware configuration of the 80186 inter- 
rupt lines with an external controller in Slave Mode. 


Because the integrated interrupt controller is a slave 
controller, it must be able to generate an interrupt input 
for an external interrupt controller. It also must be sig- 
naled when it has the highest priority pending interrupt 
to know when to place its interrupt vector on the bus. 
These two signals are provided by the INT3/Slave In- 
terrupt Output and INTI/Slave 
Select lines, respective- 


ly. The external master interrupt controller must be 
able to interrupt the 80186 CPU, and needs to know 
when the interrupt request is acknowledged. The INTO 
and INT2/INT AO lines provide these two functions. 


6.7 
Example 8259A or 82C59A 
Cascade Mode Interface 


Figure 65 shows the 80186 and 8259A (or 82C59A) in 
Cascade Mode. The code to initialize the 80186 inter- 
rupt controller is given in Appendix E. Notice that an 
interrupt ready signal must be returned to the 80186 to 
prevent the generation of wait states in response to the 
interrupt acknowledge cycles. In this configuration the 
INTO and INT2 lines are used as direct interrupt input 
lines. Thus, this configuration provides 10 external in- 
terrupt lines: 2 provided by the 80186 interrupt control- 
ler itself, and 8 from the external 8259A. Also, the 
8259A is configured as a master interrupt controller. It 
will only receive interrupt acknowledge pulses in re- 
sponse to an interrupt it has generated. It may be cas- 
caded again to up to 8 additional 
8259As (each of 


which would be configured in Slave Mode). 


Interrupt latency time is the time from when the 80186 
receives the interrupt to the time it begins to respond to 
the interrupt. This is different from interrupt response 
time, which is the time from when the processor actual- 
ly begins processing the interrupt to when it actually 
executes the first instruction of the interrupt 
service 


routine. The factors affecting interrupt latency are the 
intstruction being executed and the state of the inter- 
rupt 
enable flip-flop. The interrupt 
enable flip-flop 


must be explicitly set by issuing the STI instruction. 
Since interrupt vectoring automatically clears the flip- 
flop, it is necessary to set the flip-flop within the inter- 
rupt service routine if nested interrupts are desired. 
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When interrupts are enabled in the CPU, the interrupt 
latency is a function of the instructions being executed. 
Only repeated instructions will be interrupted 
before 
being completed, and those only between their respec- 
tive iterations. This means that the interrupt latency 
time could be as long as 69 CPU clocks, which is the 
time it takes the processor to execute an integer divide 
instruction (with a segment override prefix, see below), 
the longest single instruction on the 80186. 


Other factors can affect interrupt latency. An interrupt 
will not be accepted between the execution of a prefix 
(such as segment override prefixes and lock prefixes) 
and the instruction. In addition, an interrupt will not be 
accepted between an instruction which modifies any of 
the segment registers and the instruction immediately 
following the instruction. This is required to allow the 
stack to be changed. If the interrupt were accepted, the 
return address from the interrupt would be placed on a 
stack which was not valid (the Stack Segment register 
would have been modified but the Stack Pointer regis- 
ter would not have been). An interrupt will not be ac- 
cepted between the execution of the WAIT instruction 
and the instruction 
immediately followil~_i!_}f the 
TEST input is active. If the WAIT sees the TEST input 
inactive, however, the interrupt will be accepted, and 
the WAIT will be re-executed after the interrupt re- 
turn. Finally, the 8OCl86 and 8OCl88 will not accept 
interrupts during refresh bus cycles. 


The 80186 clock generator provides the main clock sig- 
nal for all 80186 integrated components, and all CPU 
synchronous devices in the 80186 system. This clock 
generator includes a crystal oscillator, divide by two 


counter, reset circuitry, and ready generation logic. A 
block diagram of the clock generator is shown in Figure 
66. 


All 80186 family microprocessors use a parallel reso- 
nant Pierce oscillator. For all NMOS 80186/80188 ap- 
plications and lower frequency 8OC186/8OC188 appli- 
cations, a fundamental mode crystal is appropriate. At 
higher frequencies, the diminishing thickness of funda- 
mental mode crystals makes a third overtone crystal 
the appropriate choice. The addition of external capaci- 
tors at Xl and X2 is always required, and a third over- 
tone crystal also requires an RC tank circuit to select 
the third overtone frequency over the fundamental fre- 
quency (see Figure 67). 


The recommendations given in the 80186 family prod- 
uct data sheets for the values of the external compo- 
nents should be taken only as guidelines since there are 
situations where the oscillator operation can be modi- 
fied somewhat. One example would be the case where 
the circuit layout introduces significant stray capaci- 
tance to the Xl and X2 pins. Another example is at low 
frequencies (CLKOUT less than 6 MHz) where slightly 
larger capacitors are desirable. Finally, it is also possi- 
ble to use ceramic resonators in place of crystals for low 
cost when precise frequencies are not required. 


For assistance in selecting the external oscillator com- 
ponents for unusual circumstances, the best resource is 
the crystal manufacturer. The foremost circuit consid- 
eration is that the oscillator start correctly over the 
entire voltage and temperature ranges expected in oper- 
ation. 
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NOTES: 
1. RES sampled 
on rising edge of oscillator 
input signal X1. 
2. Internal 
clear 
pulse generated. 
3. Internal 
clear pulse drives 
CLKOUT 
high, resynchronizing 
the clock 
generator. 
4. RESET 
output 
goes active 
(TCLRol. 


5. RES allowed 
to go inactive 
after minimum 
4 CLKOUT 
cycles, 
recognized 
at rising CLKOUT. 


6. RESET 
output 
goes inactive 
1% CLKOUT 
cycles 
plus TCLRD after recognition 
of RES inactive. 
7. First instruction 
prefetch 
occurs 
6% CLKOUT 
cycles 
after coming 
out of reset. 
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An external oscillator may be used with the 80186. The 
external frequency input (EFI) signal is connected di- 
rectly to the Xl input of the oscillator. X2 should be 
left not connected. This oscillator input drives an inter- 
nal divide-by-two counter to generate the CPU clock 
signal, so the external frequency input can be of practi- 
cally any duty cycle, so long as the minimum high and 
low times for the signal (as stated in the data sheet) are 
met. 


The output of the crystal oscillator (or the external fre- 
quency input) drives a divide by two circuit which gen- 
erates a 50% duty cycle clock for the 80186 system. All 
80186 timing is referenced to this signal, which is avail- 
able on the CLKOUT pin of the 80186. This signal will 
change state on the high-to-Iow transition of the EFI 
signal. 


The clock generator also includes the circuitry required 
for ready generation. Interfacing to the SRDY and 
ARDY inputs this provides is covered in Section 3.1.6. 


The 80186 clock generator also provides a synchroniz- 
ed reset signal for the system. This signal is generated 
from the reset input (RES) to the 80186. The clock 
generator synchronizes this signal to the clockout sig- 
nal. 


The reset input also resets the divide-by-two counter. A 
one clock cycle internal clear pulse is generated when 
the RES input signal goes active. This clear pulse goes 
active beginning on the first low-to-high transition of. 
the Xl input after RES goes active, and goes inactive 
on the next low-to-high transition of the Xl input. In 


order to insure that the clear pulse is generated on the 
next oscillator cycle, the RES input signal must satisfy 
a setup time to the high-to-Iow oscillator input signal 
(see Figure 68). During this clear, CLKOUT will be 
high. 
On 
the 
next 
high-to-low 
transition 
of Xl, 


CLKOUT will go low, and will change state on every 
subsequent high-to-low Xl transition. 


The reset signal presented to the rest of the 80186, and 
also the signal present on the RESET output pin of the 
80186 is synchronized by the high-to-Iow transition of 
the clockout signal of the 80186. This signal remains 
active as long as the RES input also remains active. 
After the RES input goes inactive, the 80186 will begin 
to fetch 
its first instruction 
(at 
memory 
location 


FFFFOH) after 6 1/2 CPU clock cycles (i.e., T1 of the 
first instruction fetch will occur 6 1/2 clock cycles lat- 
er). To ensure that the RESET ouput will go inactive 
on the next CPU clock cycle, the inactive going edge of 
the RES input must satisfy certain hold and setup times 
to the low-to-high edge of the CLKOUT signal of the 
80186 (see Figure 68). 


The 80186 includes a chip select unit which provides 
hardware chip. select signals for memory and I/O ac- 
cesses generated by the 80186 CPU and DMA units. 
This unit is programmable such that it can fulfill the 
chip select requirements (in terms of memory device or 
bank size and speed) of most small and medium sized 
80186 systems. 


The chip selects are driven only for internally generated 
bus cycles. Any cycles generated by an external unit 
(e.g., an external DMA controller) will not cause the 
chip selects to go active. Thus, any external bus masters 
must be responsible for their own chip select genera- 
tion. Also, during a bus HOLD, the 80186 does not 
float the chip select lines. Therefore, logic must be in- 
cluded to enable the devices which the external bus 
master wishes to access (see Figure 69). 
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The 
80186 
provides 
six discrete 
memory 
chip 
select 


lines. These signals are named 
UCS, LCS, and MCSO-3 


for Upper 
Memory 
Chip 
Select, 
Lower 
Memory 
Chip 


Select 
and 
Midrange 
Memory 
Chip 
Select 
0-3. 
They 


are meant 
(but not limited) 
to be connected 
to the three 


major 
areas 
of the 
80186 system 
memory 
(see Figure 


70). 
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Figure 70. 80186 Memory Areas & Chip Selects 


The upper 
limit of UCS and the lower limit of LCS are 


fixed 
at FFFFFH 
and 
OOOOOHin memory 
space, 
reo 


NOTES: 
1. Upper memory ready bits 
2. lower memory ready bits 
3. PCSO-PCS3 
ready bits 


4. Mid-range memory ready bits 
5. PCS4-PCS6 
ready bits 


6. MS: 1 = Peripherals 
active in memory space 
o = Peripherals 
active in I/O space 
EX:1 = 7 PCS lines 
0= 
PCS5 = A1, PCS6 = A2 
Not all bits of every field are used 


spectively. 
The 
other 
limit 
is set by the 
memory 
size 


programmed 
into the control 
register 
for the chip select 


line. Mid-range 
memory 
allows 
both 
the base address 


and 
the 
block 
size 
of the 
memory 
area 
to be 
pro- 


grammed. 
The only limitation 
is that 
the base address 


must 
be programmed 
to be an integer 
multiple 
of the 
total 
block 
size. 
For 
example, 
if the 
block 
size 
was 


128K bytes (4 32K byte chunks) 
the base address 
could 
be 0 or 20000H, 
but not lOOOOH. 


The memory 
chip selects are controlled 
by 4 registers 
in 
the peripheral 
control 
block (see Figure 
71). These 
in- 
clude 
1 each 
for UCS 
and 
LCS, 
the 
values 
of which 
determine 
the size of the memory 
blocks 
addressed 
by 


these 
two 
lines. 
The 
other 
two 
registers 
are 
used 
to 


control 
the 
size 
and 
base 
address 
of the 
mid-range 


memory 
block. 


On reset, 
only UCS is active. 
It is programmed 
to be 


active 
for the top 
lK 
memory 
block, 
to insert 
3 wait 


states 
to all memory 
fetches, 
-and to factor 
external 


ready for every memory 
fetch (see Section 
8.3 for more 


information 
on internal 
ready 
generation). 
None 
of the 


other 
chip select lines will be active 
until all necessary 


registers 
for a signal have been accessed 
(not necessarily 


written, 
a read 
to an uninitialized 
register 
will enable 


the chip select function 
controlled 
by that register). 


The 
80186 
provides 
seven 
discrete 
chip 
select 
lines 


which 
are meant 
to be connected 
to peripheral 
compo- 


nents 
in an 80186 system. 
Each 
of these lines is active 


for one of seven continuous 
128 byte areas 
in memory 


or I/O 
space above a programmed 
base address. 


UMCS 


LMCS 


PACS 


MMCS 


MPCS 


The peripheral chip selects are controlled bt two regis- 
ters in the internal peripheral control block (see Figure 
71). These registers set the base address of the peripher- 
als and map the peripherals into memory or I/O space. 
Both of these registers must be accessed before any of 
the peripheral chip selects will become active. 


A bit in the MPCS register allows PCS5 and PCS6 to 
become latched Al and A2 outputs. When this option 
is selected, PCS5 and PCS6 reflect the state of Al and 
A2 throughout 
a bus cycle. These allow external pe- 


ripheral register selection in a system in which the ad- 
dresses are not latched. Upon reset, these lines are driv- 
en high. 


The 80186 includes a ready generation unit. This unit 
generates an internal ready signal for all accesses to 
memory or I/O areas to which the chip select circuitry 
of the 80186 responds. 


For each ready generation area, 0-3 wait states may be 
inserted by the internal unit. Table 5 shows how the 
ready control bits should be programmed to provide 
this. In addition, the ready generation circuit may be 
programmed to ignore or include the state of the exter- 
nal ready pins. When using both internal and external 
ready generation, both elements must be fulfilled before 
a busy cycle will end. The external ready condition is 
always required upon RESET for accesses involving the 
top IK of memory. Therefore, at least one of the ready 
pins must be connected to functional ready circuitry or 
be tied HIGH until UCS is reprogrammed early in the 
initialization sequence. 


Table 5. 80186 Walt State Programming 


R2 
R1 
RO 
Number 
of Walt States 


0 
0 
0 
o + external ready 
0 
0 
1 
1 + external ready 
0 
1 
0 
2 + external ready 
0 
1 
1 
3 + external ready 


1 
0 
0 
o (no external ready required) 


1 
0 
1 
1 (no external ready required) 
1 
1 
0 
2 (no external ready required) 
1 
1 
1 
3 (no external ready required) 


Many examples using the chip select lines are given in 
the bus interface section of this note (Section 3.2). The 
key point to remember when using the chip select func- 
tion is that they are only activated during bus cycles 
generated by the 80186. When another master has the 
bus, it must generate its own chip selects. In addition, 
whenever the bus is given by the 80186 to an external 
master (through HOLD/HLDA) 
the 80186 does not 


float the chip select lines. 


Generally, the chip selects of the 80186 should not be 
programmed such that any two areas overlap. In addi- 
tion, none of the programmed chip select areas should 
overlap any locations of the integrated 256-byte control 
register block. The consequences of doing this are: 


Whenever two chip select lines are programmed to re- 
spond to the same area, both will be activated during 
any access to that area. When this is done, the ready 
bits for both areas must be programmed to the same 
value. If this is not done, the processor response to an 
access in this area is indeterminate. This rule also ap- 
plies to overlapping chip selects with the integrated 
control block. 


If any of the chip select areas overlap the integrated 
256-byte control block, the timing on the chip select 
line is altered. An access to the control block will tem- 
porarily activate the corresponding chip select pin, but 
it will go inactive prematurely. 


8.6 
MCS Functionality 
and the 80C186 


The 8OCl86 MCSO, MCSI and MCS3 pins change 
function when the part is configured for Enhanced 
Mode (see Section 9.0 for an explanation of Enhanced 
Mode). The 8OCl88 MCS pins function the same in 
both modes. These pins are configured to support an 
asynchronous numerics floating point coprocessor (see 
Table 6). Thus, the 8OCl86 does not provide the com- 
plete range of middle chip selects normally available. 
However, the functionality of the MCS2 pin and the 
programming features of the MPCS and MMCS regis- 
ters are still available. 


Table 6. MCS Pin Definitions 


Pin # 
Compatible 
Enhanced 
Mode 
Mode 


35 
MCS3 
NPS, 
Numerics Processor 
Select 


36 
MCS2 
MCS2 
37 
MCS1 
ERROR, 
Numerics Processor 
Error 


38 
MCSO 
PEREQ, 
Processor 
Extension Request 


In Enhanced Mode, it is still possible to program the 
starting address, block size and ready requirements of 
the middle chip selects. This allows the user to take 
advantage of the wait-state generation logic on the 
8OCl86 even though the majority of external chip se- 
lects are not active. It is also possible to use MCS2 
which is active for one fourth the block size (see Figure 
72). 
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9.0 
80C186 
PRODUCT 
EN~ANCEMENTS 


The 80C186 and 80C188 are for the most part identical 
to their NMOS counterparts, 
and may be used inter- 
changeably. 
However, aside from the fact that the 
80C186 and 80C188 are designed with Intel's CHMOS 
III technology and provide greater operating frequen- 
cies and less power consumption, they also provide two 
new operating units not found on,the 80186 or 80188: 
the Refresh Control Unit and the Power-Save Unit. To 
ensure that the new features of the 80C186 are not acci- 
delltally programmed in older designs, the 80C186 has 
two operating modes: Compatible Mode and Enhanced 
Mode. Compatible Mode implies that the register, pro- 
gramming and pin definition of the 80C186 is identical 
to that of the 80186. Enhanced Mode implies that the 
8OC186 provides a super-set of functionality to that of 
the 80186. 


The different modes are selected during RESET. The 
timing diagI'am in Figure 73 shows how the 80C186 
~les 
the TEST input pin just before and just after 
RES is removed to determine if the device will enter 
Enhanced Mode. Tying the RESET output pin back to 


the TEST input pin ensures that the 80C186 or 80C188 
enters enhanced mode. If the TEST input is used for 
external synchronization of code, then RESET can be 
OR'ed with the other input provided it is always active 
(low) just after RESET. 


When the 80C186 (not the 80C188) is in Enhanced 
Mode, some of the MCS chip select lines change func- 
tionality to support an asynchronous numerics floating- 
point coprocessor. Refer to Section 8.6 for more detail. 


To simplify the design of a dynamic memory controller, 
the 80C186 incorporates integrated address and clock 
counters which, along with the BIU, facilitate dynamic 
memory refreshing. A block diagram of the Refresh 
Control Unit (RCU) and its relationship to the BIU is 
shown in Figure 74. To the memory interface, a refresh 
request looks exactly like a memory read bus cycle. 
This is because a refresh bus cycle is a memory read 
operation. 
Because the RCU is integrated 
into the 
80C186, functions such as chip selects and wait-state 
control can be used effectively. 
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NOTES: 
1. TEST 
must be high TINVCH 
when RES transitions 
high. 
2. TEST 
must be low TINVCH 
four clocks 
later. 


inter 


The 9-bit counter is controlled by the BIU and is used 
whenever a refresh bus cycle is executed. Thus, any 
dynamic memory whose refresh address requirement 
does not exceed nine bits can be directly supported by 
the 80C186. The 9-bit address counter along with a 6- 
bit base register define a full 20-bit refresh address. The 
9-bit counter generates a signal to initiate a refresh bus 
cycle. When the counter decrements to I (it is decre- 
mented every clock cycle), a refresh request is present- 
ed to the BIU. When the bus is free, the BIU will run 
the refresh (memory read) bus cycle. Refresh requests 
have a higher priority than any other bus request (i.e., 
CPU, DMA, HOLD). 


9.1.1 REFRESH 
CONTROL 
UNIT 
PROGRAMMING 


There are several registers in the Peripheral Control 
Block that control the RCU. These registers are only 


OFFSET 
15 


accessible when the 8OCl86 or 8OCl88 are operating in 
Enhanced mode. Otherwise, a read or write to these 
registers is ignored. 


The three control registers are MDRAM, 
CDRAM, 


and EDRAM (see Figure 75). These registers define the 
operating characteristics of the RCU. The MDRAM 
register programs the base address (upper 7 bits) of the 
refresh address (see Figure 76). This allows the refresh 
address to be mapped into any 4 kilobyte boundary 
within the I megabyte 8OCl86 address space. The 
MDRAM register is not altered whenever the refresh 
address bits (AI through A9 in Figure 76) roll over. In 
other words, the refresh address does not act like a 
linear counter found in a typical DMA controller. 
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EORAM Register(1) 


CORAM Register(2) 


MORAM Register(3) 


NOTES: 
1. Bits 0-8: 
TO-T8, Refresh request down counter clock count. These bits are read only and represent the current 
value of the counter. Anywriteoperation to these bits are ignored. 
Bit15: E, enables the operation of the refresh control unit. 
2. Bits0-8: 
CO-C8, define the number of CLKOUTcycles between each refresh request. 


3. Bits9-15: 
MO-M6,are used to define address bits A13-A19 (respectively)of the 20-bitmemoryaddress. These bits 
are set to zero on RESET. 
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Physical Refresh 
Address 


Bit 0: Always driven to 1 (Logic High). This is true for both the BOC1B6 and the BOC1BB. 
Bits 1-9: CAO-CAB.are generated 
by the 9-bit Linear-Feedback 
shift counter. 


Bits 10-12: 
Always driven to 0 (Logic Low). 
Bits 13-19: 
MO-M6, are defined by the MDRAM Register. 


The CDRAM 
register 
defmes the time interval 
between 
refresh 
requests 
by initializing 
the value loaded 
into the 
9-bit 
down 
counter. 
Thus, 
the 
higher 
the 
value, 
the 
longer the amount 
of time between 
requests. 
The down- 
counter 
is decremented 
every falling edge of CLKODT, 
regardless 
of the activity 
of the CPD or BID. When 
the 
counter 
decrements 
to 1, a request 
is generated 
and the 
counter 
is again loaded 
with the value in the CDRAM 
register. 
The amount 
of time between 
refresh 
requests 
can be calculated 
using 
the equation 
shown 
in Figure 
77. The minimum 
value that 
can be programmed 
into 
the CDRAM 
register 
is 18 (12H) 
regardless 
of the op- 
erating 
frequency. 
This is due to the minimum 
number 
of clocks 
required 
between 
each 
successive 
request 
to 
ensure 
the BID has enough 
time to execute 
the refresh 
bus cycle. The BID is not capable 
of queueing 
requests; 
if another 
request 
is generated 
before 
the 
current 
re- 
quest 
is executed, 
the current 
request 
is lost. This ap- 
plies only to the request 
itself, not the address 
associat- 
ed to the request. 
The refresh 
address 
is only changed 
after the BID has run the bus cycle. Thus 
it is possible 
to miss refresh 
requests, 
but not refresh 
addresses. 


The EDRAM 
register 
has two functions, 
depending 
on 
whether 
it is being written 
or read. During 
writes to the 
EDRAM 
register, 
only the Enable 
bit is active. 
Setting 
the Enable 
bit enables 
the RCD 
while clearing 
the En- 
able bit disables 
the RCD. 
Whenever 
the RCD 
is .en- 
abled, 
the contents 
of the CDRAM 
register 
are loaded 
into the 9-bit down counter 
and refresh 
requests 
will be 
generated 
when 
the 
counter 
reaches 
1. Disabling 
the 
RCD 
stops 
and 
clears 
the 
counter. 
A 
read 
of 
the 


EDRAM 
register 
will return 
the current 
value 
of the 
Enable bit as well as the current 
value of the 9-bit down 
counter 
(zero 
if the RCD 
is not enabled). 
Writing 
to 
EDRAM 
register 
when 
the RCD 
is running 
does not 
modify 
the count 
value in the 9-bit counter. 


Figure 
78 illustrates 
the two major 
functions 
of the re- 
fresh control 
unit that are responsible 
for initiating 
and 
controlling 
the refresh 
bus cycles. 


The 
down 
counter 
is loaded 
on 
the 
falling 
edge 
of 
CLKODT, 
when 
either 
the 
Enable 
bit 
is set 
or the 
counter 
decrements 
to 1. Once loaded, 
the down coun- 
ter will decrement 
every falling 
edge of CLKODT 
(as 
long as the Enable 
bit remains 
set). 


When 
the counter 
decrements 
to I, two things 
happen. 


First, 
a request 
is generated 
to the BID to run a refresh 
bus cycle. The request 
remains 
active 
until 
the bus cy- 
cle is run. 
Second, 
the down 
counter 
is reloaded 
with 
the value 
contained 
in the 
CDRAM 
register. 
At this 
time, the down counter 
will again begin counting 
down 
every clock cycle. It does not wait until the request 
has 
been serviced. 
This is done to ensure 
that each refresh 
request 
occurs 
at the 
correct 
interval. 
Otherwise, 
the 
time between 
refresh 
requests 
would 
also be a function 
of bus activity, 
which 
is unpredictable. 
When 
the BID 
services the refresh 
request, 
it will clear the request 
and 
increment 
the refresh 
address. 


RpERIOD(,..s) • FREQ (MHz) 
. 
------------------ 
= CDRAM Register Value 
II Refresh Rows + (11 Refresh Rows· 
% Overhead) 


Rperiod = Maximum Refresh period specified by the DRAM manufacturer 
(time in microseconds). 


FREQ = Operating Frequency at BOC1B6in MHz. 
# Refresh Rows = Total number of rows to be refreshed. 
% Overhead 
= Derating factor to compensate 
for missed refresh requests 
(typically 1-5%). 


- - - - , 
I 
I 
I 
I 


I 
Executed 
~_ . Every 
I 
Clock J.. 


The physical address that is generated during a refresh 
bus cycle is shown in Figure 76, and applies to both the 
80CI86 and 80C188. The refresh address bits CAO 
through CA8 are generated using a linear-feedback shift 
counter which does not increment the addresses linear- 
ly from 0 through 
IFFH (although they do follow a 
predictable 
algorithm). 
Further, 
note that 
for the 
80CI88, address bit AO does not toggle during refresh 
operation, which means that it cannot be used as part 
of the refresh address applied to the dynamic memory 
device. Typically, AOis used as part of memory decod- 
ing in 80CI88 applications, unlike the 80CI86 which 
uses AO along with BHE to select an upper or lower 
bank. Therefore, when designing with the 8OCl88, it is 
important not to include AOas part of the row address 
that is used for refreshing. Appendix 
K illustrates 
memory address multiplexing techniques that can be 
applied to the 80CI86 and 8OC188. 


When another bus master has control of the bus, the 
HLDA signal is kept active as long as the HOLD input 
remains active. If a refresh request is generated while 
HOLD is active, the 80CI86 will remove (drive inac- 
tive) the HLDA signal to indicate to the current bus 
master that the 80C186 wishes to regain control of the 
bus (see Figure 79). Only when the HOLD input is 
removed will the BIU begin the refresh bus cycle. 


Therefore, it is the responsibility of the system designer 
to ensure that the 80C186can regain the bus if a refresh 
request is signalled. The sequence of HLDA going inac- 
tive while HOLD is active can be used to signal a pend- 
ing refresh request. HOLD need only go inactive for 
one clock period to allow the refresh bus cycle to be 
run. If HOLD is again asserted, the 80CI86 will give 
up the bus after the refresh bus cycle has been run 
(provided there is not another refresh request generated 
during that time). 


The Power-Save Unit is intended to benefit applications 
by lower power consumption while maintaining regular 
operation of the CPU. The 80CI86 Power-Save mecha- 
nism lowers current needs by reducing the operating 
frequency. 


The Power-Save Unit is an internal clock divider as 
shown in Figure 80. Because the Power-Save Unit will 
change the internal operating frequency, all other units 
within the 80CI86 will be affected by the clock change. 
This includes the CPU, Timers, Refresh, DMA, and 
BIU. Thus, by using the Power-Save feature, the net 
effect is similar to changing the input clock frequency. 
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HOLD~S 
I~~ 


HLDA 
I~~S 
I@ 


RefReq 
IS 
I~S 
/@ 


Ref Active 
I® 
'-- 


NOTES: 
1. System 
generates 
HOLD 
request. 


2. HLDA is returned 
and 80C186 
floats 
the bus/controllines. 


3. Refresh 
request 
is generated 
by the 80C186. 
4. 80C186 
lowers 
(removes) 
HLDA to signal that it wants 
the bus back. 


5. 80C186 
waits 
until 
HOLD 
is lowered 
(removed) 
for at least 
1 clock 
cycle 
(minimum 
HOLD 
setup 
and 
hold time) 
to 
execute 
the refresh 
bus cycle. 
If HOLD 
is never 
lowered, 
the 80C186 
will not take over the bus. 
6. 80C186 
runs the refresh 
bus cycle. 
7. HOLD 
can be again asserted 
after th~ 1 clock 
duration. 


8. The refresh 
request 
is cleared 
after tht;l bus cycle 
has been executed. 


9. If HOLD was again asserted, 
the 80C186 
will immediately 
relinquish 
the bus back. 
If no HOLD occurred, 
normal 
CPU 
operation 
will resume. 


The PDCON register (see Figure 81) controls the oper- 
ation of the Power-Save Unit. This register is available 
for programming when the 8OC186or 8OC188is in En- 
hanced Mode. Reads or write to the PDCON register 
in Compatible Mode result in no operation, and the 
value returned will be all ones. 


When the Enable bit in the PDCON register is set, the 
Power-Save Unit is active and, depending on the condi- 
tion of the FO and Fl bits, the operating clock of the 
8OC186 is changed from normal operation. When the 
Enable bit is cleared, the 80C186 will operate at the 
standard divide by 2 clock rate. The Enable bit is auto- 
matically cleared whenever a non-masked interrupt oc- 
curs. Thus, if the Power-Save feature is enabled and an 
unmasked interrupt of sufficient priority is received, the 
Enable bit clears and the processor executes at full 
speed. This allows interrupts 
to be processed at full 


speed. A return from the interrupt does not automati- 
cally set the Enable bit. This must be done as part of 
the interrupt routine. Software interrupts do not clear 
the Enable bit. 


Powe•.••Save 
Divide•.•• 
t.4ultlplexor 
/1 
/4 
/8 
/16 


Figure 80. Simplified Power-Save 
Internal Operation 
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PDCON 
Offset FOH 


Bits0-1: 
ClockDivisorSelect 
F1 
FO DivisionFactor 
MinimumX1Frequency 
o 
0 
divideby 1 
1 MHz 
o 
1 
divideby 4 
4 MHz 
1 
0 
divideby 8 
8 MHz 
1 
1 
divideby 16 
16 MHz 
Bits2-14: Reserved, read back as zero 
Bit15: Enable (set) Power-Save mode. Cleared (disabled)on RESET. 


The FOand FI bits determine the divisor of the Power- 
Save unit. Figure 81 provides a list of the various com- 
binations of the bits and their division factor. Note that 
the divisor is related to the output clock, not the input 
clock at pin X I. Selecting a divisor of I does not reduce 
the power consumption. The operating clock of the 
80CI86 must not be divided below the minimum oper- 
ating frequency specified in data sheet (500 kHz). Fig- 
ure 81 also indicates the minimum operating frequency 
required in order to use a specific divisor. 


9.2.2 
POWER-SAVE 
OPERATION 


When the Enable bit in the PDCON register is set, the 
clock divider circuity will turn on during the write to 
the PDCON register (refer to Figure 82). At the falling 
edge of T3 of the register write, CLKOUT will change 
to reflect the new divisor. If any values of FO-FI other 
than zero have been programmed, the CLKOUT peri- 
od will be increased over undivided CLKOUT, starting 
with the low phase. CLKOUT will not glitch. 


The Power-Save Unit remains active until one of three 
events happens: either the Enable bit in the PDCON 
register is cleared, new values for PO and FI are pro- 
grammed, or an unmasked interrupt is received. In the 
first two cases, the changes directly follow Figure 82. 


When an unmasked interrupt is received, the operating 
frequency is changed as shown in Figure 82, but may 
occur at any T3 bus state in progress at the time of the 
interrupt. Thus, it is not possible to determine exactly 
when, in the event of an interrupt, the Power-Save unit 
will be disabled. 


10.0 SOFTWARE 
IN AN 80186 
SYSTEM 


Since the 80186 is object code compatible with the 8086 
and 8088, the software in an 80186 system is very simi- 
lar to that in an 8086 system. Because of the hardware 
chip select functions, however, a certain amount of ini- 
tialization code must be included when using those 
functions on the 80186. 


10.1 System Initialization 
in an 
80186 System 


The 80186 includes circuitry which directly affects the 
ability of the system to address memory and I/O devic- 
es, namely the chip select circuitry. This circuitry must 
be initialized before the memory areas and peripheral 
devices addressed by the chip select signals can be used. 


,------_/ 


NOTES: 
1. Writeto PDCONregister (as viewedon the bus) 
2. Lowgoing edge of T3 starts new clock divider 
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Upon reset, the UMCS register is programmed to be 
active for all memory fetches within the top lK byte of 
memory space. It is also programmed to insert three 
wait states to all memory accesses within this space. If 
the hardware chip selects are used, they must be pro- 
grammed before the processor leaves this lK byte area 
of memory. If ajump to an area for which the chips are 
not selected occurs the processor will fetch garbage. 
Appendix F shows a typical initialization sequence for 
the 80186 chip select unit. 


10.2 
Instruction 
Execution 
Differences 
between 
the 8086 and 80186 


There are a few instruction execution differences be- 
tween the 8086 and the 80186. These differences are: 


When the opcodes 63H, 64H, 65H, 66H, 67H, FlH, 
FEH XXlllXXXB 
and FFH XXIllXXXB 
are exe- 
cuted, the 80186 will execute an illegal instruction ex- 
ception, interrupt type 6. The 8086 will ignore the op- 
code. 


When the opcode OFH is encountered, the 8086 will 
execute a POP CS, while the 80186 will excecute an 
illegal instruction exception, interrupt type 6. 


When a word write is performed at offset FFFFH in a 
segment, the 8086 will write one byte at offset FFFFH, 
and the other at offset 0, while the 80186 will write one 
byte at offset FFFFH, 
and the other at offset l0000H 


(one byte beyond the end of the segment). One byte 
segment underflow will also occur (on the 80186) if a 
stack PUSH is executed and the Stack Pointer contains 
the value I. 


Before the 80186 performs a shift or rotate by a value 
(either in the CL register, or by an immediate value) it 
ANDs the value with IFH, limiting the number of bits 
rotated to less than 32. The 8086 does not do this. 


The 8086 activates its LOCK signal immediately after 
executing the LOCK prefix. The 80186 does not acti- 
vate the LOCK signal until the processor is ready to 
begin the data cycles associated with the LOCKed in- 
struction. 


NOTE: 
When executing more than one LOCKed instruction, 
always make sure there are 6 bytes of code between 
the end of the first LOCKed instruction and the start 
of the second LOCKed instruction. 


If an 8086 is interrupted during the execution of a re- 
peated string move instruction, the return value it will 
push on the stack will point to the last prefix instruc- 
tion before the string move instruction. If the instruc- 
tion had more than one prefIX(e.g., a segment override 
prefix in addition to the repeat prefix), it will not be re- 
executed upon returning from the interrupt. The 80186 
will push the value of the fIrSt prefix to the repeated 
instruction, so long as prefixes are not repeated, allow- 
ing the string instruction to properly resume. 


CONDITIONS 
CAUSING 
DIVIDE 
ERROR 
WITH 
AN INTEGER 
DIVIDE: 


The 8086 will cause a divide error whenever the abso- 
lute value of the quotient is greater than 7FFFH (for 
word operations) or if the absolute value of the quotient 
is greater than 7FH (for byte operations). The 80186 
has expanded the range of negative numbers aIlowed as 
a quotient by I to include 8000H and 80H. These num- 
bers represent the most negative numbers representable 
using 2's complement arithmetic (equaling - 32768 and 
-128 
in decimal, respectively). 


The 80186 may be programmed to cause an interrupt 
type 7 whenever an ESCape instruction (used for co- 
processors like the 8087) is executed. The 8086 has no 
such provision. Before the 80186 performs this trap, it 
must be programmed to do so. 


These differences can be used to determine whether the 
program is being executed on an 8086 or an 80186. 
Probably the safest execution difference to use for this 
purpose is the difference in multiple bit shifts. For ex- 
ample, if a multiple bit shift is programmed where the 
shift count (stored in the CL register) is 33, the 8086 
will shift the value 33 bits, whereas the 80186 will shift 
it only a single bit. 


In addition to the instruction execution differences not- 
ed above, the 80186 includes a number of new instruc- 
tion types, which simplify assembly language program- 
ming of the processor, and enhance the performance of 
higher level languages running on the processor. These 
new 
instructions 
are 
covered 
in 
depth 
in 
the 
8086/80186 users manual and in Appendix H of this 
note. 


APPENDIX 
A 
PERIPHERAL 
CONTROL 
BLOCK 


Rekx::ation Regilter 


DMA Descriptor. 
Channell 


DMA Descriptor. 
Channel 0 


Chip-Select Control Register. 


Time, 2 Control Register. 


Timer 1 Control Registers 


Timer 0 Control Reglst.rs 


Interrupt Controller Regilte,s 


All the integrated peripherals within the 80186 micro- 
processor are controlled by sets of registers contained 
within an integrated peripheral control block. The reg- 
isters are physically located within the peripheral devic- 
es they control, but are addressed as a single block of 
registers. This set of registers encompasses 256 contigu- 
ous bytes and can be located on any 256 byte boundary 
of the 80186 memory or I/O space. Maps of these regis- 
ters are shown in Figure A-I for the 80186/80188 and 
in Figure A-2 for the 80CI86/8OCI88. 
Any unused 


bytes are reserved. 


A.1 
SETTING 
THE BASE LOCATION 
OF THE PERIPHERAL 
CONTROL 
BLOCK 


In addition to the control registers for each of the inte- 
grated 80186 peripheral devices, the peripheral control 


block contains the peripheral control block relocation 
register. This register allows the peripheral 
control 


block to be re-located on any 256 byte boundary within 
the processor's 
memory or I/O 
space. Figure A-2 


shows the layout of this register. 


This register is located at offset FEH within the periph- 
eral control block. Since it is itself contained within the 
peripheral control block, any time the location of the 
peripheral control block is moved, the location of the 
relocation registers will also move. 


In addition to the peripheral control block relocation 
information, the relocation register contains two addi- 
tional bits. One is used to set the interrupt controller 
into slave mode. The other is used to force the proces- 
sor to trap whenever an ESCape (coprocessor) instruc- 
tion is encountered. 


ReloceUon 
Retiater 
_ .•......•..... 
~-- 
...•...- 


OM" Deocrlptor. 
Chlnnel 1 


OMA 
Deacrlptora 
Ch.nnel 
0 


Chip-Select 
Control 
Reglatera 


Timer 
2 Control 
Regitter. 


TImer 
1 Control 
Regiatera -- 


Timer 
0 Control 
Regilter. 


Interrupt 
Controller 
Regislers 


15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
0 
OFFSET:FEH~SLAVE/HmII 
~o~1 
R_"_Ioc_I_llon_"_dd_re_"_S_B_ItI_Rl_9-_R_8 
_ 


NOTES: 
ET = ESCTrap / No ESCTrap (1/0) 
MilO = Register BlockLocated in Memory/ I/O Space (1/0) 
SLAVE/MASTER= Master InterruptControllerMode / Slave 
InterruptControllerMode (0/1) 


Figure A·3. 80186 Relocation 
Register 
Layout 


Because the relocation register is contained within the 
To relocate the peripheral control block to the memory 
peripheral control block, upon reset the relocation reg- 
range 
lOOOOH-IOOFFH,for example, the user pro- 


ister is automatically 
programmed 
with 
the 
value 
grams the relocation register with the value lIOOH. 


20FFH. This means that the peripheral control block 
Since the relocation register is contained within the pe- 
will be located at the very top (FFOOH to FFFFH) of 
ripheral 
control block, it moves to word location 
I/O space. Thus, after reset the relocation register will 
lOOFEH in memory space. 
be located at word location FFFEH in I/O space. 
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Whenever mapping the 188 peripheral control block to 
another location, the programming of the relocation 
register should be done with a byte write (i.e., OUT 
DX,AL). Any access to the control block is done 16 
bits at a time. Thus, internally, the relocation register 
will get written with 16 bits of the AX register while 
externally, the BIU will run only one 8 bit bus cycle. If 
a word instruction is used (i.e., OUT DX,AX), the relo- 
cation register will be written on the first bus cycle. The 
BIU will then run a second bus cycle which is unneces- 
sary. The address of the second bus cycle will no longer 
be within the control block (i.e., the control block was 
moved on the first cycle), and therefore, will require the 
generation of an external ready signal to complete the 
cycle. For this reason we recommend byte operations to 
the relocation register. Byte instructions may also be 
used for the other registers in the control block and will 
eliminate half of the bus cycles required if a word oper- 
ation had been specified. Byte operations are only valid 
on even addresses though, and are undefined on odd 
addresses. 


A.2 
Peripheral 
Control 
Block 
Registers 


Each of the integrated peripherals' control and status 
registers are located at a fixed location above the pro- 
grammed base location of the peripheral control block. 
There are many locations within the peripheral control 
block which are not assigned to any peripheral. If a 
write is made to any of these locations, the bus cycle 
will be run, but the value will not be stored in any 
internal location. This means that if a subsequent read 
is made to the same location, the value written will not 
be read back. 


The processor will run an external bus cycle for any 
memory or I/O cycle which accesses a location within 
the integrated control block. This means that the ad- 
dress, data, and control information will be driven on 


the 80186 external pins just as if a "normal" bus cycle 
had been run. Any information returned by an external 
device will be ignored, however, even if the access was 
to a location which does not correspond to any of the 
integrated peripheral control registers. The above is 
also true for the 80188, except that the word access 
made to the integrated registers will be performed in a 
single bus cycle internally, while externally, the BIU 
runs two bus cycles. 


The processor internally generates a ready signal when- 
ever any of the integrated peripherals are accessed; thus 
any external ready signals are ignored. This ready will 
also be returned if an access is made to a location with- 
in the 256 byte area of the peripheral control block 
which does not correspond to any integrated peripheral 
control register. The processor will insert 0 wait states 
to any access within the integrated peripheral control 
block except for accesses to the timer registers. Any 
access to the timer control and counting registers will 
incur I wait state. This wait state is required to proper- 
ly multiplex processor and counter element accesses to 
the timer control registers. 


All accesses made to the integrated peripheral control 
block will be word accesses. Any write to the integrated 
registers will modify all 16 bits of the register, whether 
the opcode specified a byte write or a word write. A 
byte read from an even location should cause no prob- 
lems, but the data returned when a byte read is per- 
formed from an odd address within the peripheral con- 
trol block is u.ndefined. This is true both for the 80186 
and the 80188. As stated above, even though the 80188 
has an external 8 bit data bus, internally it is still a 16- 
bit machine. Thus, the word accesses performed to the 
integrated registers by the 80188 will each occur in a 
single bus cycle internally while externally the BIU 
runs two bus cycles. The DMA controller cannot be 
used for either read or write accesses to the peripheral 
control block. 
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APPENDIX 
B 
80186 SYNCHRONIZATION 
INFORMATION 


Many input signals to the 80186 are asynchronous, that 
is, a specified set up or hold time is not required to 
insure proper functioning of the device. Associated 
with each of these inputs is a synchronizer which sam- 
ples this external asynchronous signal, and synchroniz- 
es it to the internal 80186 clock. 


B.1 
WHY SYNCHRONIZERS 
ARE 
REQUIRED 


Every data latch requires a certain set up and hold time 
in order to operate properly. At a certain window with- 
in the specified set up and hold time, the part will actu- 
ally try to latch the data. If the input makes a transition 
within this window, the output will not attain a stable 
state within the given output delay time. The size of 
this sampling window is typically much smaller than 
the actual window specified by the data sheet, however 
part to part variation could move this window around 
within the specified window in the data sheet. 


Even if the input to a data latch makes a transition 
while a data latch is attempting to latch this input, the 
output of the latch will attain a stable state after a cer- 
tain amount of time, typically much longer than the 
normal strobe to output delay time. Figure B-1 shows a 
normal input to output strobed transition and one in 
which the input signal makes a transition during the 
latch's sample window. In order to synchronize an 
asynchronous signal, all one needs to do is to sample 
the signal into one data latch long enough for the out- 
put to stabilize, then latch it into a second data latch. 
Since the time between the strobe into the first data 
latch and the strobe into the second data latch allows 
the first data latch to attain a steady state (or to resolve 
the asynchronous signal), the second data latch will be 
presented with an input signal which satisfies any set up 
and hold time requirements it may have. 


Thus, the output of this second latch is a synchronous 
signal with respect to its strobe input. 


A synchronization failure can occur if the synchronizer 
fails to resolve the asynchronous transition within the 
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Figure B·1. Valid and Invalid Latch Input 
Transitions and Responses 


time between the two latch's strobe signals. The rate of 
failure is determined by the actual size of the sampling 
window of the data latch, and by the amount of time 
between the strobe signals of the two latches. Obvious- 
ly, as the sampling window gets smaller, the number of 
times an asynchronous transition will occur during the 
sampling window will drop. In addition, however, a 
smaller sampling window is also indicative of a faster 
resolution time for an input transition which manages 
to fall within the sampling window. 


The 80186 contains synchronizers on the RES, TEST, 
TmrInO-l, 
DRQO-l, 
NMI, 
INTO-3, 
ARDY, 
and 


HOLD input lines. Each of these synchronizers use the 
two stage synchronization 
technique described above 


(with some minor modifications for the ARDY line, see 
section 3.1.6). The sampling window of the latches is 
designed to be in the tens of pico-seconds: and should 
allow operation of the synchronizers with a mean time 
between failures of over 30 years assuming continuous 
operation. 
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APPENDIX 
C 
80186 EXAMPLE DMA INTERFACE 
CODE 


This lite contains an example procedure which initializes the 80186 DMA 
controller 
to perfonn 
the DMA 
transfers 
between 
the 80186 system arxl the 
8272 Floppy 
Disk Controller 
(FOC). 
It aHumes 
that 
the 80186 
peripheral control block his not been moved from its reset location. 


ar81 
equ 
ar82 
equ 
ara3 
equ 
DMA.FROM.LOWER 
equ 
DMA.FROM.UPPER 
equ 
DMA.TO.LOWER 
equ 
DMA.TO.UPPER 
equ 
DMA.COUNT 
equ 
DMA.CONTROL 
equ 
DMA.TO.D1SK..CONTROL 
equ 


word ptr [BP + 4) 
word ptr IBP + 6) 
word ptr (BP + 8) 
OFFCOh 
OFFC2h 
OFFC4h 
OFFC6h 
OFFC8h 
OFFCAh 
01486h 
destination synchronization 
source to memory, incremented 
destination 
to I/O 
no terminal count 
byte transfen 


source synchronization 
source to I/O 
destination 
to memory. iner 
no terminal 
count 
byte transfen 
FOC DMA address 
FDC data register 
FDC status register 


FOC.DMA 
equ 
6B8h 
FOC.DATA 
equ 
688h 
FDC.sTATUS 
equ 
680h 


cgroup 
group 
code 
code 
segment 
public 
scLdma- 


assume 
cs:cgroup 


seLdma (offset,to) programs the DMA channel to point one side to the 
disk DMA 
address, 
and the other 
to memory 
pointed 
to by d.:orr.et. 
If 


'to' - 
0 then will be a transfer from disk to memory; if 
'to' - 
1 then will be a transfer from memory to disk. The parameters to 
the routine are passed on the stack. 


near 
0,0 
AX 
BX 
DX 
ar82,1 


jz 
from..disk 


performing a transfer from memory to the disk controller 


get the segment value 
gen the upper 4 bits of the 
physical address in the lower 4 
bits of the register 


inter 


mov 
BX,AX 
save the result ... 


mov 
DX,DMA.FROM.UPPER 
prgm the upper. 
bits of the 
out 
DX,AX 
DMA source resister 
and 
AX,OFFFOh 
form 
the lower 
16 bits of the 
physical address 
add 
AX,argl 
add the offset 
mov 
DX,DMA.FROM.lOWER 
prgm thelo •••r 16 bits of the 
out 
DX,AX 
DMA source resister 
joe 
no..carty_from 
check for carry out of addition 


ioe 
BX 
if carry out, then need to adj 
mov 
AX,BX 
the upper 4 bits of the pointer 
mov 
DX,DMA.FROM.UPPER 
out 
DX,AX 
no..carry.from: 


mov 
AX,FDC.DMA 
prgm the low 16 bits of the DMA 
mov 
DX,DMA.TO.lOWER 
destination register 
out 
DX,AX 
xor 
AX,AX 
zero the up 4 bits of the DMA 
mov 
DX,DMA. TO.UPPER 
destination register 
out 
DX,AX 
mov 
AX,DMA. TO.DISK..CONTROl; 
prgm the DMA etl reg 
mov 
DX,DMA.CONTROl 
note: DMA may begin immediatly 


out 
DX,AX 
after this word is output 
pop 
DX 
pop 
BX 
pop 
AX 
leave 
ret 


mov 
AX,DS 
rol 
AX,4 
mov 
DX,DMA. TO.UPPER 
out 
DX,AX 
mov 
BX,AX 
and 
AX,OFFFOh 
add 
AX,argl 
mov 
DX,DMA.TO.lOWER 
out 
DX,AX 
jne 
no..carry.to 
ine 
BX 
mov 
AX,BX 
mov 
DX,DMA. TO.UPPER 
out 
DX,AX 


mov 
AX,FDC.DMA 


mov 
DX,DMA.FROM.LOWER 
out 
DX,AX 
xor 
AX,AX 
mov 
DX,DMA.FROM.UPPER 
out 
DX,AX 
mov 
AX,DMA.FROM.DISK..CONTROl 
mov 
DX,DMA.CONTROl 
270657-85 
out 
DX,AX 
pop 
DX 
pop 
BX 
pop 
AX 
leave 
ret 
endp 


ends 
end 
270657-86 


inter 


APPENDIX 
D 
80186 EXAMPLE TIMER 
INTERFACE 
CODE 


scLtime. 
proc 
near 
enter 
0,0 
set stack addressability 
push 
AX 
save resisters used 
push 
OX 
push 
SI 
push 
OS 


.or 
AX,AX 
set the interrupt vector 
the timers have unique 
interrupt 
vectors even though they share 
the same control register 
mov 
OS,AX 


mov 
51,4 • timcr2Jnt 
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this file contains example 80186 timer routines. The first routine 
sets up the timer and interrupt controller to cause the timer 
to generate an interrupt every 10 milliseconds. and to service 
interrupt to implement a real time clock. Timer 2 is used in 
this example because no input or output sisnals arc required. 
The code example assumes that the peripheral control block has 
not been moved from its reset location 
(FFOO-FFFF 
in I/O space). 


arsl 
cqu 
word ptr [BP + 4J 
arg2 
cqu 
word ptr [BP + 6J 
arg3 
cqu 
word ptr [BP + gl 
timcr-2int 
cqu 
19 
timcr..2control 
cqu 
OFF66h 
timcr.2max..ctl 
cqu 
OFF62h 
timcr.inLctl 
cqu 
OFF32h 
coi-Tcgistcr 
cqu 
OFF22h 
intcrruputat 
cqu 
OFF30h 


data 
Kgment 
public 
hour..,minute...second...,mscc- 


msec- 
db 
? 
hour_ 
db 
? 
minute- 
db 
? 


second.- 
db 
? 
data 
ends 


cgroup 
group 
code 
dgroup 
group 
data 


code 
segment 
public 
5eLtime.. 


assume 
cs:code,ds:dgroup 


5eLtime(hour.minute.second) 
sets the time variables, initializes the 
80186 timer2 to provide interrupts every 10 milliseconds, and 
programs the interrupt vector for timer 2 


mov 
word 
ptr 
DS: [SI1,offset 
ti.er_2_interrupt_routine 
in< 
51 
in< 
51 
mov 
05:[511,C5 
pop 
05 


mov 
AX.arg 1 
set the time values 
mov 
hour.,AL 
mov 
AX,arS2 
mov 
minute...AL 
mov 
AX.ars) 
mov 
seconc:l,AL 
mov 
nucc.,0 


DX,timcr2..maut1 
AX,20000 


OX,AX. 
DX,timcr2.control 
AX,IlI0000000000001b 


set the max count value 
10mI / SOOn. (Iimer 2 count> 
all/4lhe 
CPU clock rale) 


set the control word 
enable countinl 
generate interrupts on TC 
continuous countina 


OX,limednLetl 
AX,OOOOb 


OX,AX 


set up the interrupt controller 
unmask interrupts 
highest priority interrupt 


msec..,99 
bumJUOCOnd 
mscc. 
rcseLint.ctl 


msec..,O 
second.,S9 
bump..minutc 
second. 
reseLinLetl 


second.,O 
minute..,S9 
bump.hour 
minute.. 


reseLinLetJ 
OX 
AX 


minute-,O 
hour,I2 
rescLhour 
hour. 
rcsetJnLttl 


DX,eoi..re,ister 
AX,8000h 
OX,AX 


OX 
AX 


this file contains example 80186 timer routines. The second routine 
sets up the timer as a baud rate generator. In this mode, 
Timer) 
is used to continually output pulses with a period of 
6.S usee for use with a serial controller at 9600 baud 
programmed in divide by 16 mode (the actual period required 
ror 9600 baud i. 6.51 usee). 
Thi •••• umes th.t 
the 80186 i. 
running at 8 MHz. The code example also assumes that the 
peripheral oontrol block has not been moved from its reset 
location 
(FFoo-FFFF 
in I/O 
.pace). 


scLbaucl 
proc 
near 
push 
AX 
save registen used 
push 
OX 


mov 
DX,timer Lmax.cnt 
set the max count value 
mov 
AX,I3 
SOOn•• 
13 - 
6.5 usee 
out 
OX,AX 
mov 
DX,timerl.control 
set the control word 
mov 
AX,II 
OOOOOOOOOOOOO 
Ib 
enable counting 
no interrupt on TC 
continuous counting 
single max count register 
out 
OX,AX 


pop 
OX 
pop 
AX 
270657-90 


set the max count value 
aHows the timer to count 
all the way to FFFFH 


set the control word 
enable counting 
no interrupt on TC 
continuous counting 
single max count register 
external clocking 


zero AX 
and zero tbe count in the timer 
count register 


this file contains example 80186 timer routines. The third routine 
setl up the timer as an external event counter. In this mode, 
Timer I is used to count transitions on its input pin. Arter 
the timer has been set up by the routine, the number of 
events counted can be directly read from the timer count 
register at location FFS8H in I/O space. The timer will 
count a maximum of 6SS3S 
timer events before wrapping 
around to zero. This code example also assumes that the 
peripheral control block has not been moved from its reset 
location (FFOO-FFFF in I/O space). 


timerl.control 
equ 
OFFSEh 
timerl.max..cnt 
equ 
OFFSAh 
timerl.cnueg 
equ 
OFFS8H 


code 
segment 
assume 
•• :code 


proc 
near 
push 
AX 
push 
OX 


mov 
DX,timerLmax..cnt 
mov 
AX,O 


out 
OX,AX 
mov 
DX,timerl.control 
mov 
AX, I 1OOOOOOOOOOO 
I0 Ib 


out 
OX,AX 


aor 
AX,AX 
mov 
DX,timcrl.cnucg 
out 
OX,AX 


pop 
OX 
pop 
AX 
ret 


endp 
ends 
end 


APPENDIX 
E 
80186 EXAMPLE INTERRUPT 
CONTROLLER 
INTERFACE 
CODE 


Th.is routine c:onfilurcs the 80186 interrupt controller to provide 
two cascaded interrupt inputs (through an external 82S9A 
intorrupt controllor on pins INTO/INn) 
and two direct 
intorrupt inputs (on pins INTI and INT3). The default priority 
levels are used. Because of this. the priority level programmed 
into the control register is set the 11 J. the leveJ all 
interrupts Irc prOlrammed to at reset. 


equ 
OFF3SH 
equ 
OFF2SH 


segment 
assume 
CS:code 
proc 
near 
push 
OX 
push 
AX 


mov 
AX,OIOOIIlB 


mov 
DX.intO.control 
out 
OX,AX 


mov 
AX,OIOOIIOI B 


mov 
OX,inunuk 
out 
OX,AX 
pop 
AX 
pop 
OX 
ret 
endp 
ends 
ond 


••• mple.SOIS6jnterrupLcode 


Thil routine conliauTea the 80186 interrupt contraU.r into Slave 
Mode. Thit cod. does nol initialize any oflbe SOlS6 
Int.arated 
periphenl control 
r.tcrs, 
nor does it initialize 
the extem&18259A 
intcnvpl 
conroll'T. 


Ieament 
assume 
proc 
push 
push 


CS:codo 
near 
OX 
AX 


OX,reiocation..res 
AX,OX 
AX,OIOOOOOOOOOOOOOOB 
OX,AX 


APPENDIX 
F 
80186/8086 
EXAMPLE SYSTEM INITIALIZATION 
CODE 


This file contains a system initialization 
routine for the 80186 
or the 8086. The code determines whether it is running on 
an 80186 or an 8086, and ifit is running on an 80186, it 
initializes the integrated chip select registen. 


ors 
0 
jmp 
far plr initialize 
restart 
ends 


extrn 
monitor:far 
iniLhw 
segment 
at 
OFFFOh 
assume 
CS:iniLhw 


This segment initializes the c:hip selects. It must be located in the 
top IK to in,ure 
that 
the ROM 
remain, 
selected 
in the SOl86 
system until the proper size of the select area can be programmed. 


UMCS.res 
equ 
OFFAOH 
LMCS.res 
equ 
OFFA2H 
PACS.res 
equ 
OFFA4H 
MPCS.res 
equ 
OFFA8H 
UMCS.yalue 
equ 
IOF038H 
LMCS.yalue 
equ 
07F8H 
PACS.yalue 
equ 
007EH 
MPCS.yalue 
equ 
8188H 


initialize 
proc 
far 
mov 
AX,2 
moy 
CL,33 
,hr 
AX,CL 
test 
AX,I 
jz 
nOL80186 


moy 
OX,UMCS.res 
moy 
AX,UMCS.yalue 
out 
OX,AX 


mov 
OX,LMC&res 
mov 
AX,LMCS_value 
out 
OX,AX 


moy 
OX,PACS.res 


64K, no wait states 
32K, no wait states 
peripheral 
base at 4OOH, 2 w, 
PCS5 and 6 supplies, 
peripheral, 
in I/O 
'pace 


determine if this is an 
8086 or an 80186 (checks 
to see if the multiple bit 
,hift value was ANDed) 


set up the peripheral chip 
selects (note the mid· range 
memory chip selects arc not 
needed in this system. and 
are thus not initialized 
AX,PACS.vaJue 
OX,AX 
OX,MPCS.res 
AX,MPCS.yalue 
OX,AX 


APPENDIX 
G . 
80186 WAIT STATE PERFORMANCE 


Because the 80186 contains separate bus interface and 
execution units, the actual performance of the proces- 
sor will not degrade at a constant rate as wait states are 
added to the memory cycle time from the processor. 
The actual rate of performance degradation will depend 
on the type and mix of instructions actually encoun- 
tered in the user's program. 


Shown below are two 80186 assembly language pro- 
grams, and the actual execution time for the two pro- 
grams as wait states are added to the memory system of 
the processor. These programs show the two extremes 
to which wait states will or will not affect system per- 
formance as wait states are introduced. 


Program I is very memory intensive. It performs many 
memory reads and writes using the more extensive 
memory addressing modes of the processor (which also 
take a greater number of bytes in the opcode for the 
instruction). As a result, the execution unit must con- 
stantly wait for the bus interface unit to fetch and per- 
form the memory cycles to allow it to continue. Thus, 
the execution time of this type of routine will grow 
quickly as wait states are added, since the execution 
time is almost totally limited to the speed at which the 
processor can run bus cycles. 


Note also that this program execution time calculated 
by merely summing up the number of clock cycles giv- 
en in the data sheet will typically be less than the actual 
number of clock cycles actually required to run the pro- 
gram. This is because the numbers quoted in the data 
sheet assume that the opcode bytes have been pre- 
fetched and reside in the 80186 prefetch queue for im- 
mediate access by the execution unit. If the execution 


unit cannot access the opcode bytes immediately upon 
request, dead clock cycles will be inserted in which the 
execution unit will remain idle, thus increasing the 
number of clock cycles required to complete execution 
of the program. 


On the other hand, program 2 is more CPU intensive. 
It performs many integer multiplies, during which time 
the bus interface unit can fill up the instruction prefetch 
queue in parallel with the execution unit performing the 
multiply. In this program, the bus interface unit can 
perform bus operations faster than the execution unit 
actually requires them to be run. In this case, the per- 
formance degradation is much less as wait states are 
added to the memory interface. The execution time of 
this program is closer to the number of clock cycles 
calculated by adding the number of cycles per instruc- 
tion because the execution unit does not have to wait 
for the bus interface unit to place an opcode byte in the 
prefetch queue as often. Thus, fewer clock cycles are 
wasted by the execution unit laying idle for want of 
instructions. Table G-I lists the execution times mea- 
sured for these two programs as wait states were intro- 
duced with the 80186 running at 8 MHz. 


TableG-1 


# of 
Program 
1 
Program 
2 


Walt 
Exec 
Perf 
Exec 
Perf 


States 
Time 
Degr 
Time 
Degr 
(/Lsec) 
(/Lsec) 
0 
505 
294 


1 
595 
18% 
311 
6% 


2 
669 
12% 
337 
8% 


3 
752 
12% 
347 
3% 


This file contains two programs which demonstrate the 80186 performance 
degradation 
8S wait states arc inserted. Program I performs a 
transformation between two types of characters sets. then copies 
the transformed characters back to the original buffer (which is 64 
bytes long. Program 2 performs the same type of transformation, however 
instead of performing a table lookup. it multiplies each number in the 
original 32 word buffer by a constant (3, notc the use of the integer 
immediate multiply instruction). Program "nothing" is used to measure 
the call and return times (rom the driver program only. 


cgroup 
dgroup 
data 


group 
code 
group 
data 
segment 


inter 


LIable 
db 
256 dup (?) 
t..string 
db 
64 dup (?) 
~rray 
dw 
32 dup (?) 
data 
ends 


code 
seament 
public 
'code' 
assume 
eS:cSroup,DS:dSroup 
public 
bench-I,bench..2,nothing... waiutate...,seuimer. 


bench. I 
proc 
near 
push 
SI 
; 
save rcgistcn 
used 
push 
ex 
push 
BX 
push 
AX 


mov 
eX,64 
translate 64 bytes 
mov 
SI,O 
mov 
BH,O 


loop-back: 


mov 
Bl.utnnsISI) 
set the byte 
mov 
Al.Llable(BX) 
translate 
byte 
mov 
ulrins[SIJ,Al 
and store it 
ine 
SI 
increment index 
loop 
loop.back 
do the next byte 


pop 
AX 
pop 
BX 
pop 
ex 
pop 
SI 
ret 
bench. I 
endp 


bench.2 
proc 
near 
push 
AX 
save registers used 
push 
SI 
push 
ex 


mov 
eX,32 
multiply 
32 numbers 
mov 
SI,offset 
m.array 
I 


loop.back.2: 
imul 
AX,word 
ptr [SI],3 
immediate multiply 
mov 
word ptr [SI),AX 


iRe 
SI 
iRe 
SI 
loop 
loop-back.2 


pop 
ex 
pop 
SI 
pop 
AX 
ret 
benclL2.. 
endp 
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inter 


and off existing 
ready 
bits 
insure ws count is good 
adjust the ready bits 
and write to LMCS 


scLtimcr_ 
proc 
near 
push 
AX 
push 
OX 


mov 
OX.Off66h 
stop timer 
2 
mov 
AX.4000h 
out 
OX.AX 


mov 
OX.OffSOh 
; 
clear timer 0 count 
mov 
AX.O 
out 
OX.AX 


mov 
OX.OffS2h 
timer 
0 counts 
up to 65535 
mov 
AX.O 
out 
OX.AX 
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waiutatc(n) 
sets the 80186 
LMCS 
register to the number 
of wait slales 


(0 to 3) indicated 
by the parameter 
n (which 
is passed 
on the stack). 


No other bits of the LMCS register are modified. 


proc 
near 
entcr 
0.0 
push 
AX 
push 
BX 
push 
OX 


mov 
BX.word plr [BP + 4) 
mov 
OX.OFFA2h 


in 
AX.OX 


and 
AX.OFFFCh 
and 
BX.3 
or 
AX.BX 
out 
OX.AX 


pop 
OX 
pop 
BX 
pop 
AX 
leave 
reI 
endp 


scLtimcrO 
initializes 
the 80186 
timers 
to count 
microseconds. 
Timer 
2 


is set up as a prescaler 
to timer 
0, the microsecond 
count 
can be read 
directly out of the timer 0 count register at location FFSOH in I/0 


space. 


inter 


mov 
OX,OffS6h 
; 
enable timer 0 
mov 
AX,OcOO9h 
out 
OX,AX 


mov 
OX,Off60h 
clear timer 2 count 
mov 
AX,O 
out 
OX,AX 


mov 
OX,Off62h 
set maximum count of timer 2 
mov 
AX,2 
out 
OX,AX 


mov 
OX,Off66h 
re·cnable timer 2 
mov 
AX,OcOOlh 
out 
OX,AX 


pop 
OX 
pop 
AX 
ret 


seLtimer_ 
endp 


code 
ends 
end 
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APPENDIX 
H 
80186 NEW INSTRUCTIONS 


The 80186 performs many additional instructions to 
those of the 8086. These instructions appear shaded in 
the instruction set summary at the back of the 80186 
data sheet. This appendix explains the operation of 
these new instructions. In order to use these new in- 
structions 
with 
the 
8086/186 
assembler, 
the 


"$modI86" switch must be given to the assembler. This 
can be done by placing the line: "$modI86" at the be- 
ginning of the assembly language file. 


This instruction allows immediate data to be pushed 
onto the processor stack. The data can be either an 
immediate byte or an immediate word. If the data is a 
byte, it will be sigu extended to a word before it is 
pushed onto the stack (since all stack operations are 
word operations). 


These instructions 
allow all of the general purpose 


80186 registers to be saved on the stack, or restored 
from the stack. The registers saved by this instruction 
(in the order they are pushed onto the stack) are AX, 
CX, DX, BX, SP, BP, SI, and DI. The SP value pushed 
onto the stack is the value of the register before the first 
PUSH (AX) is performed; the value popped for the SP 
register is ignored. 


This instruction does not save any of the segment regis- 
ters (CS, DC, SS, ES), the instruction pointer (IP), the 
flag register, or any of the integrated peripheral regis- 
ters. 


This instruction allows a value to be multiplied by an 
immediate value. The result of this operation is 16 bits 
long. One operand for this instruction is obtained using 
one of the 80186 addressing modes (meaning it can be 
in a register or in memory). The immediate value can 
be either a byte or a word, but will be sign extended if it 
is a byte. The 16-bit result of the multiplication can be 
placed in any of the 80186 general purpose or pointer 
registers. 


This instruction requires three operands: the register in 
which the result is to be placed, the immediate value, 


and the second operand. Again, this second operand 
can be any of the 80186 general purpose registers or a 
specified memory location. 


SHIFTS/ROTATES 
BY AN IMMEDIATE 
VALUE 


The 80186 can perform multiple bit shifts or rotates 
where the number of bits to be shifted is specified by an 
immediate value. This is different from the 8086, where 
only a single bit shift can be performed, or a multiple 
shift can be performed where the number of bits to be 
shifted is specified in the CL register. 


All of the shift/rotate 
instructions of the 80186 allow 


the number of bits shifted to be specified by an immedi- 
ate value. Like all multiple bit shift operations per- 
formed by the 80186, the number of bits shifted is the 
number of bits specified modulus 32 (i.e., the maximum 
number of bits shifted by the 80186 multiple bit shifts is 
31). 


These instructions require two operands: the operand 
to be shifted (which may be a register or a memory 
location specified by any of the 80186 addressing 
modes) and the number of bits to be shifted. 


The 80186 adds two new input/output 
instructions: 


INS and OUTS. These instructions perform block input 
or output operations. They operate similarly to the 
string move instructions of the processor. 


The INS instruction performs block input from an I/O 
port to memory. The I/O address is specified by the 
DX register; the memory location is pointed to by the 
DI register. After the operation is performed, the DI 
register is adjusted by 1 (if a byte input is specified) or 
by 2 (if a word input is specified). The adjustment is 
either an increment or a decrement, as determined by 
the Direction bit in the flag register of the processor. 
The ES segment register is used for memory address- 
ing, and cannot be overridden. When preceded by a 
REPeat prefix, this instruction allows blocks of data to 
be moved from an I/O address to a block of memory. 
Note that the I/O address in the DX register is not 
modified by this operation. 


inter 


The OUTS instruction 
performs block output 
from 
memory to an I/O port. The I/O address is specified by 
the DX register; the memory location is pointed to by 
the SI register. After the operation is performed, the SI 
register is adjusted by 1 (if a byte output is specified) or 
by 2 (if a word output is specified). The adjustment is 
either an increment or a decrement, as determined by 
the Direction bit in the flag register of the processor. 
The DS segment register is used for memory address- 
ing, but can be overridden by using a segment override 
prefix. When preceded by a REPeat prefix, this instruc- 
tion allows blocks of data to be moved from a block of 
memory to an I/O address. Again note that the I/O 
address in the DX register is not modified by this oper- 
ation. 


Like the string move instruction, these two instructions 
require two operands to specify whether word or byte 
operations are to take place. Additionally, this determi- 
nation can be supplied by the mnemonic itself by add- 
ing a "B" or "W" to the basic mnemonic, for example: 


The 80186 supplies a BOUND instruction to facilitate 
bound checking of arrays. In this instruction, the calcu- 
lated index into the array is placed in one of the general 


purpose registers of the 80186. Located in two adjacent 
word 
memory 
locations 
are the lower and 
upper 


bounds for the array index. The BOUND instruction 
compares the register contents to the memory loca- 
tions, and if the value in the register is not between the 
values in the memory locations, an interrupt type 5 is 
generated. The comparisons performed are SIGNED 
comparisons. A register value equal to either the upper 
bound or the lower bound will not cause an interrupt. 


This instruction requires two arguments: the register in 
which the calculated array index is placed, and the 
word memory location which contains the lower bound 
of the array (which can be specified by any of the 80186 
memory addressing modes). The memory location con- 
taining the upper bound of the array must follow imme- 
diately 
the memory 
location 
containing 
the 
lower 


bound of the array. 


The 80186 contains two instructions which are used to 
build and tear down stack frames of higher level, block 
structured 
languages. The instruction 
used to build 


these stack frames is the ENTER instruction. The algo- 
rithm for this instruction is: 


,'save the previous 
frame 
pointer', 
if level=O then 
BP:=SP; 
else 
templ:=Sp;,'save current frame 
pointer 


" 


temp2:= level - 1; 
do while temp2>O"copy 
down previous 
level 
frame" 
BP:= BP - 2; 
"pointers" 
PUSH [BP]; 
BP:=templ; 
PUSH BP; 
"put 
current level 
frame 
pointer" 


"in 
the save area" 
SP:=SP - disp; 
,'create space on the 
stack 
for', 


Figure H-l shows the layout of the stack before and 
after this operation. 


This instruction requires two operands: the first value 
(disp) specifies the number of bytes the local variables 
of this routine require. This is an unsigned value and 
can be as large as 65535. The second value (level) is an 
unsigned value which specifies the level of the proce- 
dure. It can be as great as 255. 


The 80186 includes the LEAVE instruction 
to tear 


down stack frames built up by the ENTER instruction. 


? 
t 
BEFORE 
BP--.J 


As can be seen from the layout of the stack left by the 
ENTER instruction, this involves only moving the con- 
tents of the BP register to the SP register, and popping 
the old BP value from the stack. 


Neither the ENTER nor the LEAVE instructions save 
any of the 80186 general purpose registers. If they must 
be saved, this must be done in addition to the ENTER 
and the LEAVE. In addition, the LEAVE instruction 
does not perform a return from a subroutine. If this is 
desired, the LEAVE instruction must be explicitly fol- 
lowed by the RET instruction. 


OLD8P 


OLD FRAME 


PTRS. 


CURRENT 
FRAME 
PTR 


LOCAL 


VARIABLE 


AREA 


APPENDIX 
I 
80186/80188 
DIFFERENCES 


The 80188 is exactly like the 80186, except it has an 8 
bit external bus. It shares the same execution unit, tim- 
ers, peripheral control block, interrupt controller, chip 
select, and DMA logic. The differences between the 
two caused by the narrower data bus are: 
• The 80188 has a 4 byte prefetch queue, rather than 


the 6 byte prefetch queue present on the 80186. The 
reason for this is since the 80188 fetches opcodes 
one byte at a time, the number of bus cycles re- 
quired to fill the smaller queue of the 80188 is actu- 
ally greater than the number of bus cycles required 
to fill the queue of the 80186. As a result, a smaller 
queue is required to prevent an inordinate number 
of bus cycles being wasted by prefetching opcodes to 
be discarded during a jump. 


• AD8-ADI5 
on the 80186 are transformed to A8- 


A15 on the 80188. Valid address information is 
present on these lines throughout 
the bus cycle of 


the 80188. Valid address information is not guaran- 
teed on these lines during idle T states. 


• BHE/S7 
is always defmed HIGH 
by the 80188, 
since the upper half of the data bus is non-existent. 


• The DMA controller of the 80188 only performs 
byte transfers. The B/W bit in the DMA control 
word is ignored. 


• Execution times for many memory access instruc- 


tions are increased because the memory access must 
be funnelled through 
a narrower 
data bus. The 


80188 also will be more bus limited than the 80186 
(that is, the execution unit will be required to wait 
for the opcode information to be fetched more often) 
because the data bus is narrower. The execution 
time within the processor, however, has not changed 
between the 80186 and 80188. 


Another important point is that the 80188 internally is 
a 16-bit machine. This means that any access to the 
integrated peripheral registers of the 80188 will be done 
in 16-bit chunks, not in 8-bit chunks. All internal pe- 
ripheral registers are still 16-bits wide, and only a single 
read or write is required to access the registers. When a 
word access is made to the internal registers, the BID 
will run two bus cycles externally. 


Access to the control block may also be done with byte 
operations. Internally the full 16-bits of the AX register 
will be written, while externally, only one bus cycle will 
be executed. 


intJ 


APPENDIX 
J 
80186/80C186 
DIFFERENCES 


There are two operating modes of the 8OCl86 and 
80C188: Compatible Mode and Enhanced Mode. In 
Compatible Mode, the 8OCl86 will function identically 
to the 80186 with the following noted exceptions: 
I) All non-initialized registers in the peripheral control 
block will reset to a random value on power-up on 
the 8OC186.Non-Initialized registers consist of those 
registers which are not used for control, Le., address 
pointers, max count, etc. For compatibility, all regis- 
ters should be programmed before being used on ex- 
isting 80186 applications as well as on new 80CI86 
applications. 
2) The ET (EsclTrap) bit in the relocation register has 


no effect in Compatible Mode. If an escape opcode is 
executed, the 80C186 will always trap to an inter- 
rupt vector type 7. The 8OCl86 does not support any 
numerics operations when in Compatible Mode. 


In Enhanced Mode, the 8OCl86 provides additional 
features not found on the 80186. There are newly de- 
fined registers to support these new features, and three 
of the output pins of the 8OCl86 change functionality. 
The new registers and pin descriptions are covered in 
Section 9.0. 


The 8OCl88 in Enhanced Mode functions similarly to 
the 8OCl86 except for numerics operation. It is not pos- 
sible to interface a numerics 
coprocessor 
with the 


8OC188.Therefore, none of the MCS pins change func- 
tionality 
when 
invoking 
Enchanced 
Mode 
on the 


8OC188.Further, any attempted execution of an escape 
opcode will result in a trap to interrupt vector type 7. 


APPENDIX 
K 
DRAM ADDRESSING 
CONFIGURATIONS 
FOR THE 80C186/80C188 


Row Address 
Column Address 
(AO-AX) 
(AO-AX) 


64Kx 
1 
(128K Bytes) 
A1-A8 
A9-A16 
16Kx4 
(32K Bytes) 
A1-A8 
A9-A14 
256Kx 
1 
(512K Bytes) 
A1-A9 
A10-A18 
64Kx4 
(128K Bytes) 
A1-A8 
A9-A16 
1M x 1 
(2M Bytes) 
A1-A10 
A 11-A 19 (+ Bank) 
256Kx4 
(512K Bytes) 
A1-A9 
A10-A18 


NOTE: 
Address bit AO can be used in either RAS or CAS addresses, so long 
as it is not included in any refresh address bits. 


Row Address 
Column Address 
(AO-AX) 
(AO-AX) 


64Kx 
1 
(64K Bytes) 
A1-A?, 
AO 
A8-A15 
16Kx4 
(16K Bytes) 
A1-A?, 
AO 
A8-A13 
256Kx 
1 
(256K Bytes) 
A1-A8, 
AO 
A9-A1? 
64Kx4 
(64K Bytes) 
A1-A8 
AO, A9-A15 
1M x 1 
(1M Bytes) 
A1-A9,AO 
A10-A19 
256K x 4 
(256K Bytes) 
A1-A9 
AO, A10-A1? 


RAM Type 
RASAdd 
CAS Add 
Refresh Add 


64K x 1 
AO-A? 
AO-A? 
AO-A6 
16K x4 
AO-A? 
AO-A5 
AO-A6 
256Kx 
1 
AO-A8 
AO-A8 
AO-A? 
64Kx4 
AO-A? 
AO-A? 
AO-A? 
1M x 1 
AO-A9 
AO-A9 
AO-A8 
256Kx4 
AO-A8 
AO-A8 
AO-A8 
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80186 
HIGH INTEGRATION 
16·BIT MICROPROCESSOR 


• 
Integrated 
Feature Set 
- 
Enhanced 8086-2 CPU 


- 
Clock Generator 


- 
2 Independent 
DMA Channels 


- 
Programmable 
Interrupt Controller 


- 
3 Programmable 
16-bit Timers 


- 
Programmable 
Memory and 
Peripheral Chip-Select Logic 


- 
Programmable Wait State Generator 


- 
Local Bus Controller 


• 
Available In 10 MHz (80186-10) and 8 
MHz (80186) Versions 


• 
High-Performance 
Processor 


- 
At 8 MHz provides 2 times the 
Performance 
of the Standard 8086 


- 
4 MByte/Sec 
Bus Bandwidth 
Interface 
@ 8 MHz 


- 
5 MByte/Sec 
Bus Bandwidth 
Interface 
@ 10 MHz 


• 
Direct Addressing 
Capability to 1 


MByte of Memory and 64 KByte 110 


EXECUTION uNiT] 
I 
I 
II 
I 
I 
I.J 


• 
Completely Object Code Compatible 
with All Existing 8086, 8088 Software 
-10 
New Instruction 
Types 


• 
Complete System Development 


, Support 
- 
Development Software: ASM 86 
Assembler, PL/M-86, Pascal-86, 
Fortran-86, C-86, and System Utilities 


-In-Circuit-Emulator 
(12ICETM-186) 


• 
High Performance 
Numerical 


Coprocesslng 
Capability Through 8087 


Interface 


• 
Available In 68 Pin: 
- 
Plastic Leaded Chip Carrier (PLCC) 


- 
Ceramic Pin Grid Array (PGA) 


- 
Ceramic Leadless Chip Carrier (LCC) 


(See 
Packaging 
Outlines 
and Dimensions. 
Order 
#231369) 


• 
Available in EXPRESS 
- 
Standard Temperature with Burn-In 


- 
Extended Temperature 
Range 


(- 40·C to + 85·C) 


INT3/INTA1 


INT2IIIlm 


PROGRAMMABLE 
TIMERS 
o 
1 
a 
~:I~~EU:~ 
I 


MAX COUNT 
REGIST£RA 


CONTROL 
REGISTERS 


Ie-BIT 
COUNT 
REGISTER 


PROGRAMMABLE 
OMAUNIT 
o 
1 


2O·BIT 
SOURCE 
POINTERS 


2O·BIT 
DESTINATION 
POINTERS 


1••• rr 
TRANSFER 
COUNT 


CONTROL 
REGISTERS 


MC8O-3 
~. 
Figure 1.80186 Block Diagram 


The Intel 80186 
is a highly integrated 
16-bit microprocessor. 
The 80186 
effectively 
combines 
15-20 
of the 
most common 
8086 system components 
onto one. The 80186 provides 
two times greater throughput 
than the 
standard 
5 MHz 8086. 
The 
80186 
is upward 
compatible 
with 8086 
and 8088 
software 
and adds 
10 new 


instruction 
types to the existing 
set. 
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Symbol 
Pin No. 
Type 
Name and Function 


Vcc 
9 
I 
System 
Power: + 5 volt power supply. 
43 


Vss 
26 
I 
System Ground. 
60 


RESET 
57 
0 
Reset Output indicates 
that the 80186 CPU is being reset, and can be 
used as a system reset. It is active HIGH, synchronized 
with the 
processor 
clock, and lasts an integer number of clock periods 
corresponding 
to the length of the RES signal. 


X1 
59 
I 
Crystal Inputs X1 and X2 provide external 
connections 
for a 
X2 
58 
0 
fundamental 
mode parallel resonant 
crystal for the internal oscillator. 
Instead of using a crystal, an external clock may be applied to X1 while 
minimizing 
stray capacitance 
on X2. The input or oscillator 
frequency 
is 
internally 
divided by two to generate 
the clock signal (CLKOUT). 


CLKOUT 
56 
0 
Clock Output provides 
the system with a 50% duty cycle waveform. 
All 
device pin timings are specified 
relative to CLKOUT. 


RES 
24 
I 
An active RES causes the 80186 to immediately 
terminate 
its present 
activity, clear the internal 
logic, and enter a dormant 
state. This signal 
may be asynchronous 
to the 80186 clock. The 80186 begins fetching 
instructions 
approximately 
6% clock cycles after RES is returned 
HIGH. For proper initialization, 
Vcc must be within specifications 
and 
the clock signal must be stable for more than 4 clocks with RES held 
LOW. RES is internally 
synchronized. 
This input is provided 
with a 
Schmitt-trigger 
to facilitate 
power-on 
RES generation 
via an RC 
network. 


TEST 
47 
I 
TEST is examined 
by the WAIT instruction. 
If the TEST input is HIGH 
when "WAIT" 
execution 
begins, instruction 
execution 
will suspend. 
TEST will be resampled 
until it goes LOW, at which time execution 
will 
resume. If interrupts 
are enabled while the 80186 is waiting for TEST, 


interrupts 
will be serviced. 
This input is synchronized 
internally. 


TMR IN 0 
20 
I 
Timer Inputs are used either as clock or control 
signals, depending 
TMR IN 1 
21 
I 
upon the programmed 
timer mode. These inputs are active HIGH (or 
LOW-to-HIGH 
transitions 
are counted) 
and internally 
synchronized. 


TMROUTO 
22 
0 
Timer outputs are used to provide single pulse or continous 
waveform 
TMROUT1 
23 
0 
generation, 
depending 
upon the timer mode selected. 


DRQO 
18 
I 
DMA Request 
is asserted 
HIGH by an external 
device when it is ready 
DRQ1 
19 
I 
for DMA Channel 
0 or 1 to perform 
a transfer. 
These signals are level- 
triggered 
and internally 
synchronized. 


NMI 
46 
I 
The Non-Maskable 
Interrupt 
input causes a Type 2 interrupt. 
An NMI 
transition 
from LOW to HIGH is latched and synchronized 
internally, 
and initiates the interrupt 
at the next instruction 
boundary. 
NMI must be 
asserted 
for at least one clock. The Non-Maskable 
Interrupt 
cannot 
be 
avoided by programming. 


INTO 
45 
I 
Maskable 
Interrupt 
Requests 
can be requested 
by activating 
one of 
INT1 
44 
I 
these pins. When configured 
as inputs, these pins are active HIGH. 


INT2/1NTAO 
42 
1/0 
Interrupt 
Requests 
are synchronized 
internally. 
INT2 and INT3 may be 
INT3/1NTA1 
41 
I/O 
configured 
to provide active-LOW 
interrupt-acknowledge 
output 
signals. All interrupt 
inputs may be configured 
to be either edge- or 
level-triggered. 
To ensure recognition, 
all interrupt 
requests 
must 
remain active until the interrupt 
is acknowledged. 
When slave mode is 


,. 
selected, 
the function 
of these pins changes 
(see Interrupt 
Controller 
section of this data sheet). 


inter 


Symbol 
Pin 
Type 
Name and Function 
No. 


A19/S6 
65 
0 
Address 
Bus Outputs 
(16-19) 
and Bus Cycle Status (3-6) 
indicate the four 


A18/S5 
66 
0 
most significant 
address bits during T 1. These signals are active HIGH. During 


A17/S4 
67 
0 
T2, T3, Tw. and T4. status information 
is available 
on these lines as encoded 


A16/S3 
68 
0 
below: 


I 
Low 
I 
High 


S6 
I 
Processor 
Cycle 
I 
DMACycle 


S3. S4. and S5 are defined as LOW during T2- T4. The status pins float during 
HOLD/HLDA. 


·AD15 
1 
I/O 
Address/Data 
Bus (0-15) 
signals constitute 
the time multiplexed 
memory or 
AD14 
3 
I/O 
I/O address 
(T1) and data (T2. T3. Tw, and T4) bus. The bus is active HIGH. 


AD13 
5 
I/O 
Ao is analogous 
to BHE for the lower by1e of the data bus, pins 07 through 
Do. 
AD12 
7 
I/O 
It is LOW during T 1 when a by1e is to be transferred 
onto the lower portion of 
AD11 
10 
I/O 
the bus in memory or I/O operations. 
AD10 
12 
I/O 


AD9 
14 
I/O 


AD8 
16 
I/O 


AD7 
2 
I/O 


AD6 
4 
I/O 


AD5 
6 
I/O 


AD4 
8 
I/O 


AD3 
11 
i/o 


AD2 
13 
I/O 


AD1 
15 
I/O 


ADO 
17 
I/O 


BHE/S7 
64 
0 
During T1 the Bus High Enable signal should be used to determine 
if data is to 


be enabled 
onto the most significant 
half of the data bus; pins 015-08. 
BHE is 


LOW during T 1 for read. write. and interrupt 
acknowledge 
cycles when a by1e 


is to be transferred 
on the higher half of the bus. The S7 status information 
is 


available 
during T2. T3. and T4. S7 is logically equivalent 
to SHE. SHE/S7 


, 
floats during HOLD. 


SHE and AO Encodlngs 


SHE 
AO 
Function 
Value 
Value 


0 
0 
Word Transfer 
0 
1 
By1e Transfer 
on upper half of data bus (015-08) 
1 
0 
Sy1e Transfer 
on lower half of data bus (07-00) 


1 
1 
Reserved 


ALE/QSO 
61 
0 
Address 
Latch Enable/Queue 
Status 0 is provided 
by the 80186 to latch the 


address. ALE is active HIGH. Addresses 
are guaranteed 
to be valid on the 


trailing edge of ALE. The ALE rising edge is generated 
off the rising edge of 


the CLKOUT 
immediately 
preceding 
T 1 of the associated 
bus cycle. effectively 


one-half 
clock cycle earlier than in the 8086. The trailing edge is generated 
off 


the CLKOUT 
rising edge in T1 as in the 8086. Note that ALE is never floated. 


WR/QS1 
63 
0 
Write Strobe/Queue 
Status 1 indicates 
that the data on the bus is to be written 


into a memory or an I/O device. WR is active for T2. T3. and TW of any write 
cycle. It is active LOW. and floats during HOLD. When the 80186 is in queue 
status mode. the ALE/QSO 
and WR/QS1 
pins provide information 
about 


processor/instruction 
queue interaction. 


QS1 
QSO 
Queue Operation 


0 
0 
No queue operation 
0 
1 
First opcode 
by1e fetched 
from the queue 
1 
1 
Subsequent 
by1e fetched 
from the queue 
1 
0 
Empty the queue 


inter 


Symbol 
Pin No. 
Type 
Name and Function 


RD/QSMD 
62 
I/O 
Read Strobe is an active LOW signal which indicates 
that the 80186 is 


performing 
a memory or I/O read cycle. It is guaranteed 
not to~ 
LOW 
before the AID bus is floated. An internal pull-up ensures that RD is 


. 
HIGH during RESET. Following 
RESET the pin~ampled 
to determine 


whether 
the 80186 is to provide ALE, RD, and WR, or queue status 
information. 
To enable Queue Status Mode, RD must be connected 
to 
GND. RD will float during bus hold. 


ARDY 
55 
I 
Asynchronous 
Ready informs the 80186 that the addressed 
memory 


space or I/O device will complete 
a data transfer. 
The ARDY pin 


accepts 
a rising edge that is asynchronous 
to CLKOUT, 
and is active 
HIGH. The falling edge of ARDY must be synchronized 
to the 80186 
clc;>ck.Connecting 
ARDY HIGH will always assert the ready condition 
to 


the CPU. If this line is unused, it should be tied LOW to yield control 
to 
the SRDY pin. 


SRDY 
49 
I 
Synchronous 
Ready informs the 80186 that the addressed 
memory 


space or I/O device will complete 
a data transfer. 
The SRDY pin 


accepts 
an active-HIGH 
input synchronized 
to CLKOUT. 
The use of 


SRDY allows a relaxed system timing over ARDY. This is accomplished 
by elimination 
of the one-half 
clock cycle required to internally 


synchronize 
the ARDY input signal. Connecting 
SRDY high will always 


assert the ready condition 
to the CPU. If this line is unused, it should be 


tied LOW to yield control to the ARDY pin. 


LOCK 
48 
0 
LOCK output indicates 
that other system bus masters are not to gain 
control of the system bus while LOCK is active LOW. The LOCK signal 
is requested 
by the LOCK prefix instruction 
and is activated 
at the 


beginning 
of the first data cycle associated 
with the instruction 
following 


the LOCK prefix. It remains active until the completion 
of that 


instruction. 
No instruction 
prefetching 
will occur while LOCK is asserted. 


When executing 
more than one LOCK instruction, 
always make sure 


there are 6 bytes of code between 
the end of the first LOCK instruction 


and the start of the second 
LOCK instruction. 
LOCK is driven HIGH for 


one clock during RESET and then floated. 


SO 
52 
0 
Bus cycle status SO-S2 
are encoded 
to provide 
bus-transaction 
S1 
53 
0 
information: 
S2 
54 
0 
80186 Bus Cycle Status Information 


S2 
S1 
SO 
Bus Cycle Initiated 


0 
0 
0 
Interrupt Acknowledge 


0 
0 
1 
Read I/O 
0 
1 
0 
Write I/O 
0 
1 
1 
Halt 
1 
0 
0 
Instruction 
Fetch 


1 
0 
1 
Read Data from Memory 


1 
1 
0 
Write Data to Memory 


1 
1 
1 
Passive (no bus cycle) 


The status pins float during HOLD/HLDA. 
S2 may be used as a logical M/IO 
indicator, 
and S1 as a DT/R 


indicator. 


inter 


Symbol 
Pin No. 
Type 
Name and Function 


HOLD 
50 
I 
HOLD indicates 
that another 
bus master is requesting 
the local bus. The 
HLDA 
51 
a 
HOLD input is active HIGH. HOLD may be asynchronous 
with respect 
to 


the 80186 clock. The 80186 will issue a HLDA (HIGH) in response 
to a 


HOLD request at the end of T4 or Tj. Simultaneous 
with the issuance 
of 


HLDA, the 80186 will float the local bus and control 
lines. After HOLD is 


detected 
as being LOW, the 80186 will lower HLDA. When the 80186 


needs to run another 
bus cycle, it will again drive the local bus and 


control 
lines. 


UCS 
34 
a 
Upper Memory Chip Select is an active LOW output whenever 
a 


memory reference 
is made to the defined 
upper portion (1K-256K 


block) of memOry'lhiS 
line is not floated 
during bus HOLD. The address 
range activating 
U 
S is software 
programmable. 


LCS 
33 
a 
Lower Memory Chip Select is active LOW whenever 
a memory 


reference 
is made to the defined 
lower portion (1K-256K) 
of memory. 


This line is not floated 
during bus HOLD. The address range activating 


LCS is software 
programmable. 


MCSO 
38 
a 
Mid-Range 
Memory Chip Select signals are active LOW when a memory 
MCS1 
37 
a 
reference 
is made to the defined 
mid-range 
portion of memory 
MCS2 
36 
a 
(8K-512K). 
These lines are not floated 
during bus HOLD. The address 
MCS3 
35 
a 
ranges activating 
MCSO-3 
are software 
programmable. 


PCSO 
25 
a 
Peripheral 
Chip Select signals 0-4 
are active LOW when a reference 
is 
PCS1 
27 
a 
made to the defined 
peripheral 
area (64K byte I/O space). These lines 
PCS2 
28 
a 
are not floated 
during bus HOLD. The address ranges activating 
PCS3 
29 
a 
PCSO-4 
are software 
programmable. 
PCS4 
30 
a 


PCS5/A1 
31 
a 
Peripheral 
Chip Select 5 or Latched A 1 may be programmed 
to provide 


a sixth peripheral 
chip select, or to provide an internally 
latched A 1 


signal. The address range activating 
PCS5 is software 
programmable. 


, 
When programmed 
to provide latched. A 1, rather than PCS5, this pin will 


retain the previously 
latched value of A 1 dLiring a bus HOLD. A 1 is active 


HIGH. 


PCS6/A2 
32 
a 
Peripheral 
Chip Select 6 or Latched A2 may be programmed 
to provide 
a seventh 
peripheral 
chip select, or to provide an internally 
latched A2 
signal. The address 
range activating 
PCS6 is software ~ammable. 


i 
" 


When programmed 
to provide latched A2, rather than PCS6, this pin will 
retain the previously 
latched value of A2 during a bus HOLD. A2 is active 
HIGH. 


DT/R 
40 
a 
Data Transmit/Receive 
controls 
the direction 
of data flow through 
an 
external 
data bus transceiver. 
When LOW, data is transferred 
to the 


80186. When HIGH the 80186 places write data on the data bus. 


DEN 
39 
a 
Data Enable is provided 
as a data bus transceiver 
output enable. 
DEN is 


active LOW du!!.ng each memory and I/O access. 
DEN is HIGH 
whenever 
DT /R changes 
state. 


inter 


The following 
Functional 
Description 
describes 
the 
base architecture 
of the 80186. The 80186 is a very 
high integration 
16-bit 
microprocessor. 
It combines 


15-20 
of the most common 
microprocessor 
system 


components 
onto one chip while providing 
twice the 


performance 
of the standard 
8086. The 80186 is ob- 


ject code compatible 
with the 8086/8088 microproc- 


essors 
and 
adds 
10 new 
instruction 
types 
to the 


8086/8088 
instruction 
set. 


The 8086, 8088, 80186, and 80286 family all contain 
the same basic set of registers, 
instructions, 
and ad- 


dressing 
modes. 


The 80186 
base architecture 
has fourteen 
registers 


as shown 
in Figures 3a and 3b. These registers 
are 


grouped 
into the following 
categories. 


General 
Registers 


Eight 16-bit general 
purpose 
registers 
may be used 


for arithmetic 
and 
logical 
operands. 
Four of these 


(AX, ex, ex, and OX) can be used as 16-bit registers 
or split into pairs of separate 
8-bit registers. 


16-81T 


REGISTER 


NAME 


SPECIAL 
REGISTER 
FUNCTIONS 


BYTE 


ADDRESSABLE 
(8-81T 


REGISTER 
NAMES 
SHOWN) 


AH 
AL 


OH 
DL 


CH 
CL 


BH 
BL 


Segment 
Registers 


Four 16-bit special 
purpose 
registers 
select, 
at any 


given time, the segments 
of memory 
that are imme- 


diately 
addressable 
for code, 
stack, 
and data. 
(For 


usage, refer to Memory 
Organization.) 


Base and Index Registers 


Four of the general 
purpose 
registers 
may also 
be 


used to determine 
offset 
addresses 
of operands 
in 


memory. These registers 
may contain 
base address- 


es or indexes 
to particular 
locations 
within 
a seg- 


ment. The addressing 
mode selects the specific 
reg- 


isters for operand 
and address 
calculations. 


Status and Control 
Registers 


Two 16-bit special 
purpose 
registers 
record 
or alter 


certain aspects 
of the 80186 processor 
state. These 


are the Instruction 
Pointer 
Register, 
which 
contains 


the offset 
address 
of the next sequential 
instruction 


to be executed, 
and the Status Word Register, which 


contains 
status and control 
flag bits (see Figures 3a 


and 3b). 


The Status Word records 
specific 
characteristics 
of 


the result of logical 
and arithmetic 
instructions 
(bits 


0, 2, 4, 6, 7, and 11) and controls 
the operation 
of 


the 80186 
within 
a given operating 
mode (bits 8, 9, 


and 10). The Status 
Word 
Register 
is 16-bits 
wide. 


The 
function 
of the 
Status 
Word 
bits 
is shown 
in 


Table 2. 
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CS 


~ 


CODE 
SEGMENT 
SELECTOR 


OS 
DATA 
SEGMENT 
SELECTOR 


ss 
STACK SEGMENT 
SelECTOR 


ES 
EXTRA SEGMENT 
SelECTOR 


SEGMENT 
REGISTERS 


'5 


F 


I 


STATUS WORD 
,. 
INSTRUCTION 
POINTER 


STATUS 
AND CONTROL 
REGISTERS 


inter 


STATUS FLAGS: 


CARRY 


PARITY 


AUXILIARY 
CARRY 


ZERO 


SIGN 


OVERFLOW 


CONTROL 
FLAGS: 


TRAP FLAG 


INTERRUPT 
ENAILE 


OtRECTlON 
FLAG 


Figure 3b. Status Word Format 


Table 2. Status Word Bit Functions 
Instruction 
Set 


Bit 
Name 
Function 
Position 


0 
CF 
Carry Flag-Set 
on high-order 
bit carry or borrow; cleared 
otherwise 


2 
PF 
Parity Flag-Set 
if low-order 
8 
bits of result contain 
an even 
number of 1-bits; cleared 
otherwise 


4 
AF 
Set on carry from or borrow to 
the low order four bits of AL; 
cleared otherwise 


6 
ZF 
Zero Flag-Set 
if result is zero; 
cleared otherwise 


7 
SF 
Sign Flag-Set 
equal to high- 


order bit of result (0 if positive, 
1 if negative) 


8 
TF 
Single Step Flag--Once 
set, a 
single step interrupt occurs 
after the next instruction 
executes. 
TF is cleared 
by the 
single step interrupt. 


9 
IF 
Interrupt-enable 
Flag-When 
set, maskable 
interrupts 
will 
cause the CPU to transfer 
control 
to an interrupt vector 
specified 
location. 


10 
DF 
Direction 
Flag-Causes 
string 
instructions 
to auto decrement 
the appropriate 
index register 
when set. Clearing 
DF causes 
auto increment. 


11 
OF 
Overflow 
Flag-Set 
if the 
signed result cannot 
be 
expressed 
within the number 
of bits in the destination 
operand; 
cleared otherwise 


The instruction 
set is divided 
into seven categories: 


data 
transfer, 
arithmetic, 
shift/rotate/logical, 
string 


manipulation, 
control 
transfer, 
high-level 
instruc- 


tions, 
and processor 
control. 
These 
categories 
are 


summarized 
in Figure 4. 


An 80186 
instruction 
can reference 
anywhere 
from 


zero to several 
operands. 
An operand 
can reside 
in 


a register, in the instruction 
itself, or in memory. 
Spe- 


cific operand 
addressing 
modes 
are discussed 
later 


in this data sheet. 


Memory 
is organized 
in sets of segments. 
Each seg- 


ment is a linear contiguous 
sequence 
of up to 64K 


(216) a-bit bytes. Memory 
is addressed 
using a two- 


component 
address 
(a pointer) that consists 
of a 16- 


bit base 
segment 
and 
a 16-bit 
offset. 
The 
16-bit 


base 
values 
are contained 
in one 
of four 
internal 


segment 
register 
(code. 
data, 
stack, 
extra). 
The 


physical 
address 
is calculated 
by shifting 
the base 


value LEFT by four bits and adding 
the 16·bit offset 


value to yield a 20-bit physical 
address 
(see Figure 


5). This allows for a 1 MByte physical 
address 
size. 


All 
instructions 
that 
address 
operands 
in memory 


must specify the base segment 
and the 16-bit offset 


value. For speed and compact 
instruction 
encoding, 


the segment 
register 
used for physical 
address 
gen- 


eration 
is implied by the addressing 
mode used (see 


Table 
3). These 
rules follow 
the way programs 
are 


written 
(see Figure 6) as independent 
modules 
that 


require areas for code and data, a staCk, and access 
to external 
data areas. 


Special 
segment 
override 
instruction 
prefixes 
allow 


the 
implicit 
segment 
register 
selection 
rules 
to be 


overridden 
for special 
cases. 
The staCk, data, 
and 


extra segments 
may coincide 
for simple 
programs. 


OENERALPURPOSE 
MOVS 
Move byte or word string 


MOV 
Move byte or word 
INS 
Input bytes or word string 


PUSH 
Push word onto stack 
OUTS 
Output 
bytes or word string 


POP 
Pop word off stack 
CMPS 
Compare 
byte or word string 
PUSHA 
Push all registers 
on stack 
SCAS 
Scan byte or word string 
POPA 
Pop all registers 
from stack 
LODS 
Load byte or word string 
XCHG 
Exchange 
byte or word 
STOS 
Store byte or word string 
XLAT 
Translate 
byte 
REP 
Repeat 
INPUT IOUTPUT 
REPE/REPZ 
Repeat 
while equal/zero 
IN 
I 
Input byte or word 


REPNE/REPNZ 
Repeat 
while not equal/not 
zero 
OUT 
I 
Output 
byte or word 
LOOICALS 
ADDRESS 
OBJECT 
NOT 
"Not" 
byte or word 
LEA 
Load effe9tive 
address 
AND 
"And" 
byte or word 
LDS 
Load pointer 
using DS 
OR 
"Inclusive 
or" byte or word 
LES 
Load pointer 
using ES 
XOR 
"Exclusive 
or" byte or word 
FLAG TRANSFER 
TEST 
"Test" 
byte or word 
LAHF 
Load AH register from flags 
SHIFTS 
SAHF 
Store AH register 
in flags 
SHLISAL 
Shift logical Iarithmetic 
left byte or word 


PUSHF 
Push flags onto stack 
SHR 
Shift logical right byte or word 


Pop flags off stack 
SAR 
Shift arithmetic 
right byte or word 
POPF 


ROTATES 
ADDITION 


Rotate 
left byte or word 
ROL 
ADD 
Add byte or word 
ROR 
Rotate 
right byte or word 
ADC 
Add byte or word with carry 
RCL 
Rotate through 
carry left byte or word 
INC 
Increment 
byte or word by 1 
RCR 
Rotate through 
carry right byte or word 
AAA 
ASCII adjust for addition 
FLAG OPERATIONS 
DAA 
Decimal 
adjust for addition 
STC 
Set carry flag 
SUBTRACTION 
CLC 
Clear carry flag 
SUB 
Subtract 
byte or word 
CMC 
Complement 
carry flag 
SBB 
Subtract 
byte or word with borrow 
STD 
Set direction 
flag 
DEC 
Decrement 
byte or word by 1 
CLD 
Clear direction 
flag 
NEG 
Negate 
byte or word 
STI 
Set interrupt 
enable flag 
CMP 
Compare 
byte or word 
CLI 
Clear interrupt 
enable flag 
AAS 
ASCII adjust for subtraction 
EXTERNAL 
SYNCHRONIZATION 
DAS 
Decimal 
adjust for subtraction 
HLT 
Halt until interrupt 
or reset 
MULTIPLICATION 
WAIT 
Wait for TEST pin active 
MUL 
Multiply 
byte or word unsigned 
ESC 
Escape to extension 
processor 
IMUL 
Integer 
multiply 
byte or word 
LOCK 
Lock bus during next instruction 
AAM 
ASCII adjust for multiply 
NO OPERATION 
DIVISION 
NOP 
No operation 
DIV 
Divide byte or word unsigned 
HIGH LEVEL 
INSTRUCTIONS 
IDIV 
Integer divide byte or word 
ENTER 
Format 
stack for procedure 
entry 
AAD 
ASCII adjust for division 
LEAVE 
Restore 
stack for procedure 
exit 
CBW 
Convert 
byte to word 
BOUND 
Detects 
values outside 
prescribed 
range 
CWD 
Convert 
word to doubleword 


. 


inter 


CONDITIONAL 
TRANSFERS 


JA/JNBE 
Jump if above/not 
below nor equal 


JAE/JNB 
Jump if above or equal/not 
below 


JB/JNAE 
Jump if below/not 
above nor equal 


JBE/JNA 
Jump if below or equal/not 
above 


JC 
Jump if carry 


JE/JZ 
Jump if equal/zero 


JG/JNLE 
Jump if grearer/not 
less nor equal 


JGE/JNL 
Jump if greater 
or equal/not 
less 


JL/JNGE 
Jump if less/not 
greater 
nor equal 


JLE/JNG 
Jump if less or equal/not 
greater 


JNC 
Jump if not carry 


JNE/JNZ 
Jump if not equal/not 
zero 


JNO 
Jump if not overflow 


JNP/JPO 
Jump if not parity/parity 
odd 


JNS 
Jump if not sign 


JO 
Jump if overflow 


JP/JPE 
Jump if parity/parity 
even 


JS 
Jump if sign 


UNCONDITIONAL 
TRANSFERS 


CALL 
Call procedure 


RET 
Return from procedure 


JMP 
Jump 


ITERATION 
CONTROLS 


LOOP 
Loop 


LOOPE/LOOPZ 
Loop if equal/zero 


LOOPNE/LOOPNZ 
Loop if not equal/not 
zero 


JCXZ 
Jump if register 
CX = 0 


INTERRUPTS 


INT 
Interrupt 


INTO 
Interrupt 
if overflow 


fRET 
Interrupt 
return 


To access 
operands 
that do not reside in one of the 
four 
immediately 
available 
segments, 
a full 
32-bit 
pointer 
can be used to reload 
both the base 
(seg- 
ment) and offset 
values. 


I, 
2 


Of 
:I I 
2 I 
PHYSICAL ADDRESS 
; . 


TO MEMORY 


Memory 
Segment 
Implicit Segment 
Reference 
Register 
Needed 
Used 
Selection 
Rule 


Instructions 
Code (CS) 
Instruction 
prefetch 
and 
immediate 
data. 
Stack 
Stack (SS) 
All stack pushes and 
pops; any memory 
references 
which use BP 
Register as a base 
register. 
External 
Extra (ES) 
All string instruction 
Data 
references 
which use 
(Global) 
the 01 register as an 
index. 
Local Data 
Data (OS) 
All other data references. 
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PROCESS 
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I 


PROCEssD 
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Figure 6. Segmented 
Memory 
Helps 
Structure 
Software 


Addressing 
Modes 


The 80186 
provides 
eight categories 
of addressing 


modes 
to specify 
operands. 
Two addressing 
modes 


are provided 
for instructions 
that operate 
on register 


or immediate 
operands: 


• 
Register 
Operand 
Mode: 
The operand 
is located 


in one of the 8- or 16-bit general 
registers. 


• 
Immediate 
Operand 
Mode: 
The 
operand 
is in- 


cluded 
in the instruction. 


Six modes are provided 
to specify the location 
of an 


operand 
in a memory 
segment. 
A memory 
operand 


address 
consists 
of two 
16·bit components: 
a seg- 


ment base and an offset. 
The segment 
base is sup- 


plied 
by a 16-bit 
segment 
register 
either 
implicitly 


chosen 
by the addressing 
mode or explicitly 
chosen 


by a segment 
override 
prefix. The pffset, 
also called 


the effective 
address, 
is calculated 
by summing 
any 


combination 
of 
the 
following 
three 
address 
ele- 


ments: 


• 
the displacement 
(an 8- or 16-bit immediate 
value 


contained 
in the instruction); 


• 
the base 
(contents 
of either 
the BX or BP base 


registers); 
and 


• 
the index 
(contents 
of either 
the Sl or 01 index 


registers). 


Any 
carry 
out 
from 
the 
16-bit 
addition 
is ignored. 


Eight-bit 
displacements 
are sign extended 
to 16-bit 


values. 


Combinations 
of these 
three 
address 
elements 
de- 


fine the 
six memory 
addressing 
modes, 
described 


below. 


• 
Direct Mode: The operand's 
offset is contained 
in 


the instruction 
as an 8- or 16-bit displacement 
el- 


ement. 


• 
Register 
Indirect 
Mode: The operand's 
offset is in 


one of the registers 
Sl, 01, BX, or BP. 


• 
Based Mode: The operand's 
offset 
is the sum of 


an 8- or 16-bit displacement 
and the contents 
of 


a base register 
(BX or BP). 


• 
Indexed 
Mode: 
The operand's 
offset 
is the sum 


of an 8- or 16-bit displacement 
and the contents 


of an index register 
(Sl or 01). 


• 
Based Indexed 
Mode: The operand's 
offset is the 


sum of the contents 
of a base 
register 
and an 


Index register. 


• 
Based indexed 
Mode with Displacement: 
The op- 


erand's 
offset is the sum of a base register's 
con- 


tents, 
an index register's 
contents, 
and an 8- or 


16-bit displacement. 


Data Types 


The 
80186 
directly 
supports 
the 
following 
data 


types: 


• 
Integer: 
A signed binary numeric 
value contained 
in an 8·bit byte or a 16-bit word. 
All operations 


assume 
a 
2's 
complement 
representation. 


Signed 32- and 64-bit integers 
are supported 
us- 


ing an 8087 Numeric 
Data Coprocessor 
with the 


80186. 


• 
Ordinal: 
An unsigned 
binary 
numeric 
value 
con- 


tained 
in an 8-bit byte or a 16-bit word. 


• 
Pointer: 
A 16- or 32-bit quantity, 
composed 
of a 


16-bit offset component 
or a 16-bit segment 
base 


component 
in addition 
to a 16-bit offset 
compo- 


nent. 


• 
String: A contiguous 
sequence 
of bytes or words. 


A string may contain 
from 
1 to 64K bytes. 


• ASCII: A byte representation 
of alphanumeric 
and 


control 
characters 
using 
the 
ASCII 
standard 
of 


character 
representation. 


• 
BCD: 
A byte 
(unpacked) 
representation 
of the 


decimal 
digits 0-9. 


• 
Packed 
BCD: A byte (packed) 
representation 
of 


two 
decimal 
digits 
(0-9). 
One 
digit 
is stored 
in 


each nibble (4-bits) of the byte. 


• 
Floating 
Point: 
A signed 
32-, 64-, or 80-bit 
real 
number 
representation. 
(Floating 
point operands 


are supported 
using an 8087 
Numeric 
Data Co- 


processor 
with the 80186.) 


In general, 
individual 
data elements 
must fit within 


defined 
segment 
limits. 
Figure 
7 graphically 
repre- 


sents the data types supported 
by the 80186. 


The I/O 
space 
consists 
of 64K 8-bit or 32K 
16-bit 


ports. Separate 
instructions 
address 
the I/O 
space 


with either an 8-bit port address, 
specified 
in the in- 


struction, 
or a 16·bit port address 
in the OX register. 


8·bit 
port 
addresses 
are zero 
extended 
such 
that 


A15-Aa 
are 
LOW. 
I/O 
port 
addresses 
00F8(H) 


through 
OOFF(H) are reserved. 


An interrupt 
transfers 
execution 
to a new program 


location. 
The old program 
address 
(CS:IP) and ma- 


chine state (Status Word) are saved on the stack to 
allow 
resumption 
of the interrupted 
program. 
Inter- 


rupts fall into three 
classes: 
hardware 
initiated, 
INT 


instructions, 
and 
instruction 
exceptions. 
Hardware 


initiated 
interrupts 
occur 
in response 
to an external 
input and are classified 
as non-maskable 
or maska- 


ble. 
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NOTE: 
·Supported 
by using an 8087 
Numeric 
Data Coproces- 
sor with the 80186. 


Programs may cause an interrupt with an INT in- 
struction. Instruction exceptions occur when an un- 
usual condition, which prevents further instruction 
processing, is detected while attempting to execute 
an instruction. If the exception was caused by exe- 
cuting an ESe instruction with the ESe trap bit set in 
the relocation register, the return instruction will 
point to the ESe instruction, or to the segment over- 
ride prefix immediately preceding the ESe instruc- 
tion if the prefix was present. In all other cases, the 


return address from an exception will point at the 
instruction 
immediately following 
the 
instruction 
causing the exception. 


A table containing up to 256 pointers defines the 
proper interrupt service routine for each interrupt. In- 
terrupts 0-31, some of which are used for instruc- 
tion exceptions, are reserved. Table 4 shows the 
80186 predefined types and default priority levels. 
For each interrupt, an 8-bit vector must be supplied 
to the 80186 which identifies the appropriate table 
entry. Exceptions supply the interrupt vector inter- 
nally. In addition, internal peripherals and noncas- 
caded external interrupts will generate their own 
vectors through the internal interrupt controller. INT 
instructions contain or imply the vector and allow 
access to all 256 interrupts. Maskable hardware ini- 
tiated interrupts supply the 8-bit vector to the CPU 
during an interrupt acknowledge bus sequence. 
Non-maskable hardware Interrupts use a predefined 
internally supplied vector. 


Interrupt Sources 


The 80186 can service interrupts generated by soft- 
ware or hardware. The software interrupts are gen- 
erated by specific instructions (INT, ESC, unused 
OP, etc.) or the results of conditions specified by 
instructions (array bounds check, INTO, DIV, IDIV, 
etc.). All interrupt sources are serviced by an indirect 
call through an element of a vector table. This vector 
table is indexed by using the interrupt vector type 
(Table 4), multiplied by four. All hardware-generated 
interrupts are sampled at the end of each instruc- 
tion. Thus, the software interrupts will begin service 
first. Once the service routine is entered and inter- 
rupts are enabled, any hardware source of sufficient 
priority can interrupt the service routine in progress. 


The software generated 80186 interrupts are de- 
scribed below. 


DIVIDE ERROR EXCEPTION (TYPE 0) 


Generated when a DIV or IOIV instruction quotient 
cannot be expressed in the number of bits in the 
destination. 


SINGlE·STEP INTERRUPT (TYPE 1) 


Generated after most instructions if the TF flag is 
set. Interrupts will not be generated after prefix in- 
structions (e.g., REP), instructions which modify seg- 
ment registers (e.g., POP OS), or the WAIT instruc- 
tion. 


NON·MASKABlE 
INTERRUPT-NMI 
(TYPE 2) 


An 
external 
interrupt 
source 
which 
cannot 
be 
masked. 


inter 


Interrupt 
Vector 
Vector 
Default 
Related 
Applicable 
Name 
Type 
Address 
Priority 
Instructions 
Notes 


Divide Error Exception 
0 
OOH 
1 
DIV,IDIV 
1 


Single Step Interrupt 
1 
04H 
1A 
All 
2 


Non-Maskable 
Interrupt 
(NMI) 
2 
08H 
1 
All 


Breakpoint 
Interrupt 
3 
OCH 
1 
INT 
1 


INTO Detected 
Overflow 
Exception 
4 
10H 
1 
INTO 
1 


Array Bounds Exception 
5 
14H 
1 
BOUND 
1 


Unused Opcode 
Exception 
6 
18H 
1 
Undefined 
Opcodes 
1 


ESC Opcode 
Exception 
7 
1CH 
1 
ESCOpcodes 
1,3 
(Coprocessor) 


Timer 0 Interrupt 
8 
20H 
2A 
4 


Timer 1 Interrupt 
18 
48H 
2B 
4 


Timer 2 Interrupt 
19 
4CH 
2C 
4 


Reserved 
9 
24H 
3 


DMA 0 Interrupt 
10 
28H 
4 


DMA 1 Interrupt 
11 
2CH 
5 


INTO Interrupt 
12 
30H 
6 


INT1 Interrupt 
13 
'34H 
7 


INT2 Interrupt 
14 
38H 
8 


INT3 Interrupt 
15 
3CH 
9 


Reserved 
, 
16,17 
40H,44H 
, 


Reserved 
20-31 
50H-7CH 


NOTES: 
Default priorities for the interrupt sources are used only if the user does not program each source to a unique priority level. 
1. Generated as a result of an instruction execution. 
2. Performed in same manner as 8086, 
3. An ESC (coprocessor) opcode will cause a trap only if the proper bit is set in the peripheral control block relocation 
register. 
4. All three timers constitute one source of request to the interrupt controller. As such, they share the same priority level with 
respect to other interrupt sources. However, the timers have a defined priority order among themselves (2A > 28 > 2C). 


A one-by1e version 
of the INT instruction. 
It uses 12 
as an index 
into the 
service 
routine 
address 
table 
(because 
it is a type 3 interrupt). 


INTO DETECTED 
OVERFLOW 
EXCEPTION 
(TVPE4) 


Generated 
during an INTO instruction 
if the OF bit is 
set. 


Generated 
during 
a BOUND 
instruction 
if the array 
index is outside 
the array bounds. The array bounds 
are located 
in memory at a location 
indicated 
by one 
of the instruction 
operands. 
The other operand 
indi- 
cates the value of the index to be checked. 


Generated 
if execution 
is attempted 
on undefined 
opcodes. 


Generated 
if execution 
is attempted 
of ESC opcodes 
(D8H-DFH). 
This exception 
will only be generated 
if 
a bit in the relocation 
register 
is set. The return 
ad- 


dress of this exception 
will point to the ESC instruc- 
tion 
causing 
the 
exception. 
If a segment 
override 
prefix 
preceded 
the ESC instruction, 
the return 
ad- 
dress will point to the segment 
override 
prefix. 


Hardware-generated 
interrupts 
are divided 
into two 
groups: 
maskable 
interrupts 
and 
non-maskable 
in- 
terrupts. 
The 
80186 
provides 
maskable 
hardware 
interrupt 
request 
pins INTO-iNT3. 
in addition, 
mask- 
able 
interrupts 
may 
be 
generated 
by the 
80186 


inter 


integrated DMA controller and the integrated timer 
unit. The vector types for these interrupts is shown 
in Table 4. Software enables these inputs by setting 
the interrupt flag bit (IF) in the Status Word. The in- 
terrupt controller is discussed in the peripheral sec- 
tion of this data sheet. 


Further maskable interrupts are disabled while serv- 
icing an interrupt because the IF bit is reset as part 
of the response to an interrupt or exception. The 
saved Status Word will reflect the enable status of 
the processor prior to the interrupt. The interrupt flag 
will remain zero unless specifically set. The interrupt 
return instruction restores the Status Word, thereby 
restoring the original status of IF bit. If the interrupt 
return re-enables interrupts, and another interrupt is 
pending, the 80186 will immediately service the 
highest-priority interrupt pending, Le., no instructions 
of the main line program will be executed. 


Non-Maskable Interrupt Request (NMI) 


A non-maskable interrupt (NMI) is also provided. 
This interrupt is serviced regardless of the state of 
the IF bit. A typical use of NMI would be to activate a 
power failure routine. The activation of this input 
causes an interrupt with an internally supplied vector 
value of 2. No external interrupt acknowledge se- 
quence is performed. The IF bit is cleared at the 
beginning of an NMI interrupt to prevent maskable 
interrupts from being serviced. 


The 80186 has an internal interrupt that allows pro- 
grams to execute one instruction at a time. It is 
called the single-step interrupt and is controlled by 
the single-step flag bit (TF) in the Status Word. Once 
this bit is set, an internal single-step interrupt will 
occur after the next instruction has been executed. 
The interrupt clears the TF bit and uses an internally 
supplied vector of 1. The IRET instruction is used to 
set the TF bit and transfer control to the next instruc- 
tion to be single-stepped. 


Processor initialization or startup is accomplished by 
driving the RES input pin LOW. RES forces the 
80186 to terminate all execution and local bus activi- 
ty. No instruction or bus activity will occur as long as 
RES is active. After RES becomes inactive and an 
internal processing interval elapses, the 80186 be- 
gins execution with the instruction at physical loca- 
tion FFFFO{H).RES also sets some registers to pre- 
defined values as shown in Table 5. 


Table 5. 80186 Initial Register State after RESET 


Status Word 
F002(H) 


Instruction Pointer 
OOOO(H) 
Code Segment 
FFFF(H) 
Data Segment 
OOOO(H) 
Extra Segment 
OOOO(H) 
Stack Segment 
OOOO(H) 
Relocation Register 
20FF(H) 


UMCS 
FFFB(H) 


The 80186 provides an on-chip clock generator for 
both internal and external clock generation. The 
clock generator features a crystal oscillator, a divide- 
by-two counter, synchronous and asynchronous 
ready inputs, and reset circuitry. 


The oscillator circuit of the 80186 is designed to be 


. used with a parallel resonant fundamental mode 
crystal. This is used as the time base for the 80186. 
The crystal frequency selected will be double the 
CPU clock frequency. Use of an LC or RC circuit is 
not recommended with this oscillator. If an external 
oscillator is used, it can be connected directly to the 
input pin Xl in lieu of a crystal. The output of the 
oscillator is not directly available outside the 80186. 
The recommended crystal configuration is shown in 
Figure 8. 


80186-10 
(10 MHz) 
20 


80186 
(8 MHz) 
16 


Figure 8. Recommended 80186 


Crystal Configuration 


The following parameters may be used for choosing 
a crystal: 
Temperature Range: 
ESR (Equivalent Series Resistance): 
Co (Shunt Capacitance of Crystal): 
C1 (Load Capacitance): 
Drive Level: 


o to 70·C 
300 max 


7.0 pf max 
20pf±2pf 
1 mWmax 


inter 


The 80186 
clock 
generator 
provides 
the 50% 
duty 
cycle processor 
clock for the 80186. 
It does this by 
dividing 
the oscillator 
output 
by 2 forming 
the sym- 
metrical 
clock. 
If an external 
oscillator 
is used, the 


state of the clock 
generator 
will change 
on the fail- 


ing edge 
of the oscillator 
signal. 
The CLKOUT 
pin 
provides 
the processor 
clock 
signal for use outside 


the 80186. 
This may be used to drive other 
system 


components. 
All timings are referenced 
to the output 


clock. 


READY Synchronization 


The 
80186 
provides 
both 
synchronous 
and 
asyn- 


chronous 
ready 
inputs. 
Asynchronous 
ready 
syn- 


chronization 
is accomplished 
by circuitry which sam- 
ples ARDY in the middle of T2, T3, and again in the 
middle 
of each 
Tw until ARDY 
is sampled 
HIGH. 


One-half 
CLKOUT 
cycle 
of resolution 
time 
is used 


for full synchronization 
of a rising ARDY 
signal. 
A 


high-to-Iow 
transition 
on ARDY 
may be used as an 


indication 
of the not ready condition 
but it must be 


performed 
synchronously 
to CLKOUT 
either 
in the 


middle of T2, T3, or Tw, or at the falling edge of T3 
or Tw. 


A second 
ready 
input 
(SRDY) 
is provided 
to inter- 


face with externally 
synchronized 
ready signals. This 


input is sampled 
at the end of T2, T3 and again at 


the 
end 
of each 
Tw until 
it is sampled 
HIGH. 
By 
using this input rather than the asynchronous 
ready 


input, the half-clock 
cycle 
resolution 
time penalty 
is 


eliminated. 
This input 
must satisfy 
set-up 
and hold 


times to guarantee 
proper 
operation 
of the circuit. 


In addition, 
the 80186, as part of the integrated 
chip- 


select 
logic, 
has 
the 
capability 
to 
program 
WAIT 


states for memory 
and peripheral 
blocks. This is dis- 


cussed 
in the Chip Select/Ready 
Logic description. 


RESET Logic 


The 80186 provides 
both a RES input pin and a syn- 


chronized 
RESET outpJ!.!.Ein for use with other sys- 


tem components. 
The RES input pin on the 80186 is 


provided 
with hysteresis 
in order to facilitate 
power- 


on Reset 
generation 
via an RC network. 
RESET 
is 


guaranteed 
to remain 
active 
for at least five clocks 


given a RES input of at least six clocks. 
RESET may 


be delayed 
up to approximately 
two 
and 
one-half 


clocks 
behind 
RES. 


Multiple 
80186 
processors 
may 
be 
synchronized 


through 
the 
RES input 
pin, since 
this 
input 
resets 


both the processor 
and divide-by-two 
internal 
coun- 


ter in the clock generator. 
In order to insure that the 


divide-by-two 
counters 
all 
begin 
counting 
at 
the 


same time, the active going edge of RES must satis- 
fy a 25 ns setup time before 
the falling 
edge of the 


80186 clock input. In addition, 
in order to insure that 


all CPUs begin 
executing 
in the same 
clock 
cycle, 


the reset must satisfy 
a 25 ns setup time before the 


rising edge of the CLKOUT 
signal of all the proces- 


-sors. 


The 80186 
provides 
a local bus controller 
to gener- 


ate the local bus control 
signals. 
In addition, 
it em- 


ploys 
a HOLD/HLDA 
protocol 
for relinquishing 
the 


local bus to other bus masters. 
It also provides 
out- 


puts that can be used to enable external 
buffers 
and 


to direct the flow of data on and off the local bus. 


Memory/Peripheral 
Control 


The 80186 
provides 
ALE, RD, and WR bus control 


signals. The RD and WR signals 
are used to strobe 


data from memory 
or I/O to the 80186 
or to strobe 


data from the 80186 to memory or I/O. The ALE line 
provides 
a strobe 
to latch 
the 
address 
when 
it is 


valid. The 80186 
local bus controller 
does 
not pro- 


vide a memory/I/O 
signal. If this is required, 
use the 


S2 signal (which will require external 
latching), 
make 


the memory 
and I/O spaces 
nonoverlapping, 
or use 


only the integrated 
chip-select 
circuitry. 


The 80186 generates 
two control 
signals to be con- 


nected 
to transceiver 
chips. 
This 
capability 
allows 


the addition 
of transceivers 
for extra buffering 
with- 


out adding external 
logic. These control 
lines, DT /R 


and DEN, are generated 
to control 
the flow of data 


through 
the transceivers. 
The operation 
of these sig- 


nals is shown 
in Table 6. 


Pin Name 
Function 


DEN 
Enables the output drivers of the 


(Data Enable) 
transceivers. 
It is active LOW 


during memory, 
I/O, or INTA 


cycles. 


DT/R 
Determines 
the direction 
of travel 


(Data Transmit/ 
through the transceivers. 
A HIGH 


Receive) 
level directs data away from the 
processor 
during write 


operations, 
while a LOW level 


directs data toward the processor 
during a read operation. 


inter 


Local Bus Arbitration 


The 80186 uses a HOLD/HLDA system of local bus 
exchange. This provides an asynchronous bus ex- 
change mechanism. This means multiple masters 
utilizing the same bus can operate at separate clock 
frequencies. The 80186 provides a single HOLD/ 
HLDA pair through which all other bus masters may 
gain control of the local bus. External circuitry must 
arbitrate which external device will gain control of 
the bus when there is more than one alternate local 
bus master. When the 80186 rel~ishes...£ontrol 
of 


the local bus, it floats DEN, RD, WR, S...Q-S2,LOCK, 
ADO-AD15, A16-A19, SHE, and DT/R to allow an- 
other master to drive these lines directly. 


The 80186 HOLD latency time, Le., the time be- 
tween HOLD request and HOLD acknowledge, is a 
function of the activity occurring in the processor 
when the HOLD request is received. A HOLD re- 
quest is the highest-priority ~ctivity requ.est wh~ch 
the processor may receive: higher than Instruction 
fetching or internal DMA cycles. However, if a DMA 
cycle is in progress, the 80186 will co~pl~te ~he 
transfer before relinquishing the bus. ThiS Implies 
that if a HOLD request is received just as a DMA 
transfer begins, the HOLD latency time can be as 
great as 4 bus cycles. This will occur if a DMA word 
transfer operation is taking place from an odd ad- 
dress to an odd address. This is a total of 16 clocks 
or more, if WAIT states are required. In addition, if 
locked transfers are performed, the HOLD latency 
time will be increased by the length of the locked 
transfer. 


During RESET the local bus controller will perform 
the following action: 
• Drive DEN, RD, and WR HIGH for one clock cy- 
cle, then float. 


NOTE: 


RD is also provided with an internal pull-up de- 
vice to prevent the processor from inadvertently 
entering Queue Status mode during reset. 


• Drive SO-52 to the inactive state (all HIGH) and 


then float. 


• Drive LOCK HIGH and then float. 


• Float ADO-15, A16-19, SHE, DT/R. 
• Drive ALE LOW (ALE is never floated). 


• Drive HLDA LOW. 


All the 80186 integrated peripherals are controlled 
by 16-bit registers contained within an internal 256- 
byte control 
block. 
The control 
block 
may be 


mapped into either memory or I/O space. Internal 
logic will recognize control block addresses and re- 
spond to bus cycles. During bus cycles to inter~al 
registers, the bus contro~ 
will signal the operation 


externally (Le., the RD, WR, status, address, data, 
etc., lines will be driven as in a normal bus cycle), 
but 015-0, SRDY, and ARDY will be ignored. The 
base address of the control block must be on an 
even 256-byte boundary (Le.,the lower 8 bits of the 
base address are all zeros). All of the defined regis- 
ters within this control block may be read or written 
by the 80186 CPU at any time. 


The control block base address is programmed by a 
16-bit relocation register contained within the control 
block at offset FEH from the base address of the 
control block (see Figure 9). It provides the upper 12 
bits of the base address of the control block. The 
control block is effectively an internal chip select 
range and must abide by all the rules concerning 
chip selects (the chip select circuitry is discussed 
later in this data sheet). Any access to the 256 bytes 
of the control block activates an internal chip select. 
Other chip selects may overlap the control block 
only if they are programmed to zero wait states and 
ignore external ready. In addition, bit 12 of this ~egis- 
ter determines whether the control block will be 
mapped into I/O or memory space. If this bit is 1, the 
control block will be located in memory space. If the 
bit is 0, the control block will be located in I/O 
space. If the control register block is mapped into 
I/O space, the upper 4 bits of the base address 
must be programmed as 0 (since I/O addresses are 
only 16 bits wide). 


In addition to providing relocation information for the 
control block, the relocation register contains bits 
which place the interrupt controller into slave mode, 
and cause the CPU to interrupt upon encountering 
ESC instructions. At RESET, the relocation register 


15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
0 


OFFSET: FEH I ET ISLAVE/@rtR1 
x 
IMllol 
RelocationAddressBitsR19-R8 


ET 
= Ese Trap/ NoESe Trap(1/0) 


M/IO = Registerblocklocatedin Memory/ I/O Space(1/0) 
SLAVE/MASTER= ConfigureInterruptcontrollerfor Slave/MasterMode(I/O) 


is set to 20FFH, which maps the control block to 
start at FFOOHin I/O space. An offset map of the 
256·byte control register block is shown in Figure 
10. 


CHIP-SELECT IREADY 
GENERATION 
LOGIC 


The 80186 contains logic which provides program- 
mable chip-select generation for both memories and 
peripherals. In addition, it can be programmed to 
provide READY (or WAIT state) generation. It can 
also provide latched address bits A1 and A2. The 
chip-select lines are active for all memory and I/O 
cycles in their programmed areas, whether they be 
generated by the CPU or by the integrated DMA unit. 


Relocation 
Register 


DMA Descriptors 
Channel 
1 


DMA Descriptors 
Chsnnel 
0 


Chip-Select 
Control 
Registers 


Time 2 Control 
Registers 


TIme 1 Control 
Registers 


Time 
0 Control 
Registers 


Interrupt 
Controller 
Registers 


OFFSET 


FEH 


Memory Chip Selects 


The 80186 provides 6 memory chip select outputs 
for 3 address areas; upper memory, lower memory, 
and midrange memory. One each is provided for up- 
per memory and lower memory, while four are pro- 
vided for midrange memory. 


The range for each chip select is user-programma- 
ble and can be set to 2K, 4K, 8K, 16K, 32K, 64K, 
128K (plus 1K and 256K for upper and lower chip 
selects). In addition, the beginning or base address 
of the midrange memory chip select may also be 
selected. Only one chip select may be programmed 
to be active for any memory location at a time. All 
chip select sizes are in bytes, whereas 80186 mem- 
ory is arranged in words. This means that if, for ex- 
ample, 16 64K x 1 memories are used, the memory 
block size will be 128K, not 64K. 


Upper Memory CS 


The 80186 provides a chip select, called ~, 
for 


the top of memory. The top of memory is usually 
used as the system memory because after reset the 
80186 
begins 
executing 
at 
memory 
location 


FFFFOH. 


The upper limit of memory defined by this chip select 
is always FFFFFH, while the lower limit is program- 
mable. By programming the lower limit, the size of 
the select block is also defined. Table 7 shows the 
relationship between the base address selected and 
the size of the memory block obtained. 


Table 7. UMCS Programming 
Values 


Starting 
Memory 
UMCSValue 
Address 
(Base 
Block 
(Assuming 


Address) 
Size 
RO=R1=R2=O) 


FFCOO 
1K 
FFF8H 


FF800 
2K 
FFB8H 


FFOOO 
4K 
FF38H 


FEOOO 
8K 
FE38H 


FCOOO 
16K 
FC38H 


F8000 
32K 
F838H 


FOOOO 
64K 
F038H 


EOOOO 
128K 
E038H 


CODOC 
256K 
C038H 


The lower limit of this memory block is defined in the 
UMCS register (see Figure 11). This register is at 
offset AOH in the internal control block. The legal 
values for bits 6-13 
and the resulting starting ad- 


dress and memory block sizes are given in Table 7. 
Any combination of bits 6-13 not shown in Table 7 
will result in undefined operation. After reset, the 
UMCS register is programmed for a 1K area. It must 
be reprogrammed if a larger upper memory area is 
desired. 


The internal generation of any 20-bit address whose 
upper 16 bits are equal to or greater than the UMCS 


value (with bits 0-5 
as "0") 
asserts 
UCS. UMCS bits 
R2-RO 
specify the ready mode for the area of mem- 
ory defined 
by this chip select register, 
as explained 


later. 


The 80186 
provides 
a chip select 
for low memory 
called 
LCS. The bottom 
of memory 
contains 
the in- 


terrupt 
vector 
table, starting 
at location 
OOOOOH. 


The lower limit of memory defined 
by this chip select 


is always OH, while the upper limit is programmable. 
By programming 
the 
upper 
limit, 
the 
size 
of 
the 


memory 
block is defined. Table 8 shows the relation- 


ship between 
the 
upper 
address 
selected 
and the 


size of the memory 
block obtained. 


Upper 
Memory 
LMCSValue 


Address 
Block 
(Assuming 
Size 
RO=R1=R2=O) 


003FFH 
1K 
0038H 
007FFH 
2K 
0078H 
OOFFFH 
4K 
00F8H 


01FFFH 
8K 
01F8H 


03FFFH 
16K 
03F8H 
07FFFH 
32K 
07F8H 
OFFFFH 
64K 
OFF8H 


1FFFFH 
128K 
1FF8H 
3FFFFH 
256K 
3FF8H 


The upper limit of this memory block is defined 
in the 


LMCS register 
(see Figure 
12) at offset 
A2H in the 


internal 
control 
block. The legal values for bits 6-15 


and the resulting 
upper address 
and memory 
block 


sizes are given in Table 
8. Any combination 
of bits 


6-15 
not shown 
in Table 
8 will result 
in undefined 


operation. 
After reset, the LMCS register value is un- 


defined. 
However, 
the 
LCS chip-select 
line will not 


become 
active 
until the LMCS register 
is accessed. 


Any internally 
generated 
20-bit 
address 
whose 
up- 


per 16 bits are less than or equal to LMCS (with bits 
0-5 
"1") 
will assert LCS. LMCS register 
bits R2-RO 


specify 
the 
READY 
mode 
for the area 
of memory 


defined 
by this chip-select 
register. 


Mid-Range 
Memory CS 


The 80186 provides 
four MCS lines which are active 


within 
a user-locatable 
memory 
block. 
This 
block 


can be located 
within 
the 80186 
1M by1e memory 


address 
s~ 
exclusive 
of the 
areas 
defined 
by 


UCS and LCS. Both the base 
address 
and size of 


this memory 
block are programmable. 


The size of the memory 
block 
defined 
by the mid- 


range 
select 
lines, 
as shown 
in Table 
9, is deter- 


mined by bits 8-14 
of the MPCS register 
(see Figure 


13). This register 
is at location 
A8H in the internal 


control 
block. 
One and only one of bits 8-14 
must 


be set at a time. Unpredictable 
operation 
of the MCS 


lines will otherwise 
occur. 
Each of the four chip-se- 
lect lines is active for one of the four equal contigu- 
ous 
divisions 
of 
the 
mid-range 
block. 
If the 
total 


block size is 32K, each chip select is active for 8K of 
memory 
with MCSO being active 
for the first range 


and MCS3 being active for the last range. 


The EX and MS in MPCS relate to peripheral 
func- 


tionality 
as described 
in a later section. 


Total Block 
Individual 
MPCS Bits 


Size 
Select 
Size 
14-8 


8K 
2K 
0000001B 


16K 
4K 
0000010B 


32K 
8K 
0000100B 


64K 
16K 
0001000B 


128K 
32K 
0010000B 


256K 
64K 
0100000B 


512K 
128K 
1000000B 


The base address 
of the mid-range 
memory 
block is 


defined 
by bits 15-9 
of the MMCS register 
(see Fig- 


ure 14). This register 
is at offset 
A6H in the internal 


15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


OFFSET: 
AOH I 
1 I 
1 
U I u I u 
u I u 
u I u I u 
1 
1 
1 I R2 I R1 I RO I 


A19 
A11 


Figure 11. UMCS Register 
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OFFSET: 
A2H I 
0 I 
0 
u 
u I u I u I u 
u I u I u 
1 
1 
1 I R2 I R1 I RO I 
A19 
A11 


Figure 12. LMCS Register 
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OFFSET: 
A8H I 
1 I M6 I M5 I M4 I M3 I M2 I M1 I MO I EX I MS I 
1 
1 
1 I A2 I A1 I AO I 


15 
9 
3 
0 


OFFSET: 
A6H I u I u I u I u I u I u I u I 
1 I 
1 I 
1 I 
1 I 
1 
1 I A2 I A1 I AO I 


M9 
M3 


control 
block. 
These 
bits 
correspond 
to 
bits 


A19-A13 
of 
the 
20·bit 
memory address. 
Bits 


A12-AO of the base address are always O.The base 
address may be set at any integer multiple of the 
size of the total memory block selected. For exam· 
pie, if the mid-range block size is 32K (or the size of 
the block for which each MCS line is active is 8K), 
the block could be located at 10000H or 18000H, 
but not at 14000H, since the first few integer multi- 
ples of a 32K 
memory block are OH, 8000H, 


10000H, 18000H, etc. After reset, the contents of 
both of these registers is undefined. However, none 
of the MCS lines will be active until both the MMCS 
and MPCS registers are accessed. 


MMCS bits R2-RO specify READY mode of opera- 
tion for all four mid-range chip selects. 


The 512K block size for the mid-range memory chip 
selects is a special case. When using 512K, the 
base address would have to be at either locations 
OOOOOHor 80000H. If it were to be programmed at 
OOOOOHwhen the LCS line was programmed, there 
would be an internal conflict between the LCS ready 
generation logic and the MCS ready generation log- 
ic. Likewise, if the base address were programmed 
at 80000H, there would be a conflict with the UCS 
ready generation logic. Since the LCS chip-select 
line does not become active until programmed, while 
the UCS line is active at reset, the memory base can 
be set only at OOOOOH.If this base address is select- 
ed, however, the LCS range must not be pro- 
grammed. 


The 80186 can generate chip selects for up to seven 
peripheral devices. These chip selects are active for 


seven contiguous blocks of 128 bytes above a pro- 
grammable base address. The base address may be 
located in either memory or I/O space. 


Seven CS lines called PCSO-6 are generated by the 
80186. The base address is user-programmable; 
however it can only be a multiple of 1K bytes, I.e., 
the least significant 10 bits of the starting address 
are always O. 


PCS5and PCS6can also be programmed to provide 
latched address bits A1 and A2. If so programmed, 
they cannot be used as peripheral selects. These 
outputs can be connected directly to the AOand A1 
pins used for selecting internal registers of 8-bit pe- 
ripheral chips. This simplifies the external hardware 
because the peripheral registers can be located on 
even boundaries in I/O or memory space. 


The starting address of the peripheral chip-select 
block is defined by the PACS register (see Figure 
15). The register is located at offset A4H in the inter- 
nal control block. Bits 15-6 of this register corre- 
spond to bits 19-10 
of the 20-bit Programmable 


Base Address (PBA) of the peripheral chip-select 
block. Bits 9-0 of the PBA of the peripheral chip-se- 
lect block are all zeros. If the chip-select block is 
located in I/O space, bits 12-15 
must be pro- 


grammed zero, since the I/O address is only 16 bits 
wide. Table 10 shows the address range of each 
peripheral chip select with respect to the PBA con- 
tained in PACS register. 


15 
6 


OFFSET: 
A4HI 
U I u I u I u I u I u I u I u I u I u I 


M9 
MO 


3 
0 


I 
1 
1 I A2 I A1 I AO I 


inter 


The user should program 
bits 15-6 
to correspond 
to 
the desired 
peripheral 
base location. 
PACS bits 0-2 
are used to specify 
READY 
mode for PCSO-PCS3. 


Table 
10. PCS Address 
Ranges 


PCS Line 
Active 
between 
Locations 


PCSO 
PBA 
-PBA+127 
PCS1 
PBA + 12B-PBA 
+ 255 
PCS2 
PBA + 256-PBA 
+ 383 
PCS3 
PBA + 384-PBA 
+ 511 
PCS4 
PBA + 512-PBA 
+ 639 
PCS5 
PBA + 64Q-PBA 
+ 767 
PCS6 
PBA + 76B-PBA 
+ 895 


The mode of operation 
of the peripheral 
chip selects 
is defined 
by the MPCS register 
(which is also used 
to set the size of the mid-range 
memory 
chip-select 
block, 
see Figure 13). The register 
is located 
at off- 
set A8H in the internal 
control 
block. Bit 7 is used to 
select the function 
of PCS5 and PCS6, while bit 6 is 
used to select 
whether 
the peripheral 
chip selects 
are mapped 
into 
memory 
or I/O 
space. 
Table 
11 
describes 
the programming 
of these bits. After reset, 
the contents 
of both the MPCS and the PACS regis- 
ters are undefined, 
however 
none of the PCS lines 
will be active until both of the MPCS and PACS reg- 
isters are accessed. 


Bit 
Description 


MS 
1 = Peripherals 
mapped 
into memory space. 
o = Peripherals 
mapped into I/O space. 
EX 
o = 5 PeS lines. A 1, A2 provided. 
1 = 7 PCS lines. A 1, A2 are not provided. 


MPCS bits 0-2 
specify the READY mode for PCS4- 
PCS6 as outlined 
below. 


READY Generation Logic 


The 80186 can generate 
a "READY" 
s~al 
internal- 
ly for each of the memory or peripheral 
CS lines. The 
number 
of WAIT states 
to be inserted 
for each pe- 
ripheral 
or memory 
is programmable 
to provide 
0-3 
wait states for all accesses 
to the area for which the 
chip select 
is active. 
In addition, 
the 80186 
may be 
programmed 
to either 
ignore 
external 
READY 
for 
each chip-select 
range individually 
or to factor exter- 
nal READY with the integrated 
ready generator. 


READY control 
consists 
of 3 bits for each CS line or 
group of lines generated 
by the 80186. The interpre- 
tation 
of the ready bits is shown 
in Table 
12. 


R2 
R1 
RO 
Number 
of WAIT States 
Generated 


0 
0 
0 
o wait states, external 
RDY 
also used. 
0 
0 
1 
1 wait state inserted, 
external 
RDY 
also used. 
0 
1 
0 
2 wait states inserted, 
external 
RDY 
also used. 
0 
1 
1 
3 wait states inserted. 
external 
RDY 
also used. 
1 
0 
0 
o wait states. external 
ROY 
ignored. 
1 
0 
1 
1 wait state inserted. 
external 
RDY 
ignored. 
1 
1 
0 
2 wait states inserted, 
external 
ROY 
ignored. 
1 
1 
1 
3 wait states inserted, 
external 
RDY 
ignored. 


The 
internal 
ready 
generator 
operates 
in parallel 
with 
external 
READY. 
not in series 
if the 
external 
READY 
is used (R2 = 0). For example, 
if the inter- 
nal generator 
is set to insert 
two 
wait 
states, 
but 
activity 
on the external 
READY 
lines will insert four 
wait states, 
the processor 
will only insert 
four wait 
states. 
not six. This is because 
the two wait states 
generated 
by the internal 
generator 
overlapped 
the 
first two wait states generated 
by the external 
ready 
signal. Note that the external 
ARDY and SRDY lines 
are always 
ignored 
during cycles 
accessing 
internal 
peripherals. 


R2-RO 
of each 
control 
word 
specifies 
the READY 
mode for the corresponding 
block, 
with the excep- 
tion of the peripheral 
chip selects: 
R2-RO 
of PACS 
set the P 
SO-3 
READY mode, R2-RO 
of MPCS set 
the PCS4-6 
READY 
mode. 


Chip Select/Ready 
Logic and Reset 


Upon RESET, the Chip-Select/Ready 
Logic will per- 
form the following 
actions: 


• 
All chip-select 
outputs 
will be driven 
HIGH. 


• 
Upon 
leaving 
RESET, 
the UCS line will be pro- 
grammed 
to provide 
chip selects 
to a 1K block 
with the accompanying 
READY control 
bits set at 
011 to insert 3 wait states in conjunction 
with ex- 
ternal READY 
(Le., UMCS resets to FFFBH). 


intJ 


• No other chip select or READY control registers 
have any predefined values after RESET. They 
will not become active until the CPU accesses 
their control registers. Both the PACS and MPCS 
registers must be accessed before the PCS lines 
will become active. 


The 80186 DMA controller provides two indepen- 
dent DMA channels. Data transfers can occur be- 
tween memory and I/O spaces (e.g., Memory to I/O) 
or within the same space (e.g., Memory to Memory 
or I/O to I/O). Data can be transferred either in 
bytes (8 bits) or in words (16 bits) to or from even or 
odd addresses. Each DMA channel maintains both a 
20-bit source and destination pointer which can be 
optionally incremented or decremented after each 
data transfer (by one or two depending on byte or 
word transfers). Each data transfer consumes 2 bus 
cycles (a minimum of 8 clocks), one cycle to fetch 
data and the other to store data. This provides a 
maximum data transfer rate of 1.25 Mword/sec or 
2.5 MBytes/sec at 10 MHz. 


Each channel has six registers in the control block 
which define each channel's operation. The control 
registers consist of a 20-bit Source pointer (2 
words), a 20-bit destination pointer (2 words), a 16- 
bit Transfer Count Register, and a 16-bit Control 
Word. The format of the DMA Control Blocks is 
shown in Table 13. The Transfer Count Register 
(TC) specifies the number of DMA transfers to be 
performed. Up to 64K byte or word transfers can be 
performed with automatic termination. The Control 
Word defines the channel's operation (see Figure 
17). All registers may be modified or altered during 
any DMA activity. Any changes made to these regis- 
ters will be reflected immediately in DMA operation. 


Table 13. DMA Control Block Format 


Register Name 
Register Address 


Ch.O 
Ch.1 


Control Word 
CAH 
DAH 
Transfer Count 
C8H 
D8H 
Destination Pointer (upper 4 
C6H 
D6H 
bits) 
Destination Pointer 
C4H 
D4H 
Source Pointer (upper 4 bits) 
C2H 
D2H 
Source Pointer 
COH 
DOH 


DMA 
CONTROL 
LOGIC 


inter 


Figure 17. DMA Control 
Register 


SOURCE: 
MilO 
Source 
pointer 
is in MilO 
space 
(1/0). 


DEC Decrement 
source pointer by 1 or 2 
(depends 
on 
S/W) 
after 
each 


transfer. 


INC Increment 
source 
pointer 
by 1 or 2 
(depends 
on 
S/W) 
after 
each 


transfer. 


If both INC and DEC are specified, 
the pointer 
will remain constant 
af- 
ter each cycle. 


TC: 
If set, DMA will terminate 
when the 
contents 
of the transfer 
count 
reg- 


ister reach zero. The ST ISTOP 
bit 
will also 
be reset 
at this 
point. 
If 


cleared, 
the 
DMA 
controller 
will 


decrement 
the transfer 
count regis- 


ter for each 
DMA cycle, 
but DMA 
transfers 
will 
not 
stop 
when 
the 
transfer 
count 
register 
reaches 
zero. 


Each 
DMA 
Channel 
Control 
Word 
determines 
the 
mode 
of 
operation 
for 
the 
particular 
81086 
DMA 


channel. 
This register 
specifies: 


• 
the mode of synchronization; 


• 
whether 
bytes or words will be transferred; 


• 
whether 
interrupts 
will be generated 
after the last 
transfer; 


• 
whether 
DMA 
activity 
will 
cease 
after 
a 
pro- 
grammed 
number 
of DMA cycles'; 


• 
the relative 
priority 
of the DMA channel 
with re- 
spect to the other DMA channel; 


• 
whether 
the source 
pointer 
will be incremented, 
decremented, 
or maintained 
constant 
after each 


transfer; 


• 
whether 
the source pointer addresses 
memory 
or 


liD space; 


• 
whether 
the destination 
pointer will be increment- 
ed, 
decremented, 
or maintained 
constant 
after 
each transfer; 
and 


• 
whether 
the 
destination 
pointer 
will 
address 
memory 
or liD 
space. 


The DMA channel 
control 
registers 
may be changed 


while the channel 
is operating. 
However, 
any chang- 


es made during operation 
will affect the current 
DMA 


transfer. 


MilO 
Destination 
pointer 
is 
in 
MilO 
space (1/0). 


DEC Decrement 
destination 
pointer by 1 
or 2 (depends 
on S/W) 
after each 
transfer. 


INC Increment 
destination 
pointer 
by 1 
or 2 (depends 
on S/W) 
after each 


transfer. 


If both INC and DEC are specified, 
the 
pointer 
will 
not 
change 
after 
each cycle. 


INT: 
Enable 
interrupts 
to 
CPU 
upon 


transfer 
count termination. 


SYN: 
00 No synchronization. 


NOTE: 


When 
unsynchronized 
transfers 


are specified, 
the TC bit will be ig- 
nored and the ST bit will be cleared 
upon 
the 
transfer 
count 
reaching 
zero, stopping 
the channel. 


01 Source 
synchronization. 


10 Destination 
synchronization. 


11 Unused. 


P: 
Channel 
priority 
relative 
to 
other 
channel. 
o Low priority. 


1 High priority. 


Channels 
will 
alternate 
cycles 
if 
both are set at same priority 
level. 


TDRQ: 
Enable/Disable 
(1/0) 
DMA 
re- 


quests 
from timer 2. 


inter 


CHG/NOCHG: Change/Do 
not 
change 
(1/0) 
ST/STOP bit. If this bit is set when 
writi!!9........!he control 
word, 
the 
ST/STOP bit will be programmed by 
the write to the control word. If this 
bit is cleared when writing the con- 
trol word, the ST/STOP bit will not 
be altered. This bit is not stored; it 
will always be read as O. 
Start/Stop (1/0) channel. 


Byte/Word (0/1) transfers. 
ST/STOP: 
B/W: 


DMA Destination 
and Source Pointer 


Registers 


Each DMA channel maintains a 20-bit source and a 
20-bit destination pointer. Each of these pointers 
takes up two full 16-bit registers in the peripheral 
control block. The lower four bits of the upper regis- 
ter contain the upper four bits of the 20-bit physical 
address (see Figure 18). These pointers may be indi- 
vidually incremented or decremented after each 
transfer. If word transfers are performed the pointer 
is incremented or decremented by two. Each pointer 
may point into either memory or I/O space. Since 
the DMA channels can perform transfers to or from 
odd addresses, there is no restriction on values for 
the pointer registers. Higher transfer rates can be 
obtained if all word transfers are performed to even 
addresses, since this will allow data to be accessed 
in a single bus cycle. 


Each DMA channel maintains a 16-bit transfer count 
register (TC). The register is decremented after ev- 


ery DMA cycle, regardless of the state of the TC bit 
in the DMA Control Register. If the TC bit in the DMA 
control word is set or if unsynchronized transfers are 
programmed, however, DMA activity will terminate 
when the transfer count register reaches zero. 


DMA Requests 


Data transfers may be either source or destination 
synchronized, that is either the source of the data or 
the destination of the data may request the data 
transfer. In addition, DMA transfers may be unsyn- 
chronized: that is, the transfer will take place contin- 
ually until the correct number of transfers has oc- 
curred. When source or unsynchronized transfers 
are performed, the DMA channel may begin another 
transfer immediately after the end of a previous 
DMA transfer. This allows a complete transfer to 
take place every 2 bus cycles or eight clock cycles 
(assuming no wait states). When source synchroniz- 
ed or unsynchronized transfers are performed, data 
will not be fetched from the source address until the 
destination device signals that it is ready to receive 
it. Also, the DMA controller will relinquish control of 
the bus after every transfer. If no other bus activity is 
initiated, another destination synchronized DMA cy- 
cle will begin after two processor clocks. This allows 
the destination device time to remove its request if 
another transfer is not desired. Since the DMA con- 
troller will relinquish the bus, the CPU can initiate a 
bus cycle. As a result, a complete bus cycle will of- 
ten be inserted between destination synchronized 
transfers. Table 14 shows the maximum DMA trans- 
fer rates. 


Table 
14. Maximum 
DMA Transfer 


Rates 
@ 10 MHz 


Type of 
Synchronization 
CPU Running 
CPU Halted 


Selected 


Unsynchronized 
2.5MBytes/sec 
2.5MBytes/sec 


SourceSynch. 
2.5MBytes/sec 2.5MBytes/sec 


DestinationSynch. 1.7MBytes/sec 2.0MBytes/sec 


HIGHER 
REGISTER 
ADDRESS 


LOWER 
REGISTER 
ADDRESS 


xxx 
xxx 
XXX 
A19-A16 


A15-A12 
A11-AS 
A7-A4 
A3-AO 
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No explicit DMA acknowledge pulse is provided. 
Since both source and destination pointers are 
maintained, a read from a requesting source, or a 
write to a requesting destination, should be used as 
the DMA acknowledge signal. Since the chip-select 
lines can be programmed to be active for a given 
block of memory or I/O space, and the DMA point- 
ers can be programmed to point to the same given 
block, a chip-select line could be used to indicate a 
DMA acknowledge. 


DMA Priority 


The DMA channels may be programmed to give one 
channel priority over the other, or they may be pro- 
grammed to alternate cycles when both have DMA 
requests pending. DMA cycles always have priority 
over internal CPU cycles except between locked 
memory accesses or word accesses to odd memory 
locations; also, an external bus hold takes priority 
over an internal DMA cycle. Because an interrupt 
request cannot suspend a DMA operation and the 
CPU cannot access memory during a DMA cycle, 
interrupt latency time will suffer during sequences of 
continuous DMA cycles. An NMI request, however, 
will cause all internal DMA activity to halt. This al- 
lows the CPU to quickly respond to the NMI request. 


DMA Programming 


DMA cycles will occur whenever the ST/STOP bit of 
the Control Register is set. If synchronized transfers 


are programmed, a ORO must also be generated. 
Therefore the source and destination transfer point- 
ers, and the transfer count register (if used) must be 
programmed before the ST/STOP bit is set. 


Each DMA register may be modified while the chan- 
nel is operating. If the CHG/NOCHG bit is cleared 
when the control register is written, the ST/STOP bit 
of the control register will not be modified by the 
write. If multiple channel registers are modified, it is 
recommended that a LOCKED string transfer be 
used to prevent a DMA transfer from occurring be- 
tween updates to the channel registers. 


Upon RESET, the DMA channels will perform the 
following actions: 
• The Start/Stop bit for each channel will be reset 
to STOP. 


• Any transfer in progress is aborted. 


The 80186 provides three internal 16-bit program- 
mable timers (see Figure 19). Two of these are high- 
ly flexible and are connected to four external pins (2 
per timer). They can be used to count external 
events, time external events, generate nonrepetitive 
waveforms, etc. The third timer is not connected to 
any external pins, and is useful for real-time coding 
and time delay applications. In addition, the third tim- 
er can be used as a prescaler to the other two, or as 
a DMA request source. 


MAX COUNTVAWE 
TIMER2 
A 
A 


MAX COUNTVAWE 
CLOCK!. 
MAX COUNTVAWE CLOCK!. 
MAXCOUNTVALUE 
B 
B 
MODE/CONTROL 
MODE/CONTROL 
WORD 
WORD 
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Timer Operation 


The timers are controlled by 11 16-bit registers in 
the peripheral control block. The configuration of 
these registers is shown in Table 15. The count reg- 
ister contains the current value of the timer. It can be 
read or written at any time independent of whether 
the timer is running or not. The value of this register 
will be incremented for each timer event. Each of the 
timers is equipped with a MAX COUNT register, 
which defines the maximum count the timer will 
reach. After reaching the MAX COUNT register val- 
ue, the timer count value will reset to zero during 
that same clock, i.e., the maximum count value is 
never stored in the count register itself. Timers 0 and 
1 are, in addition, equipped with a second MAX 
COUNT register, which enables the timers to alter- 
nate their count between two different MAX COUNT 
values. If a single MAX COUNT register is used, the 
timer output pin will switch LOW for a single clock, 1 
clock after the maximum count value has been 
reached. In the dual MAX COUNT register mode, the 
output pin will indicate which MAX COUNT register 
is currently in use, thus allowing nearly complete 
freedom in selecting waveform duty cycles. For the 
timers with two MAX COUNT registers, the RIU bit in 
the control register determines which is used for the 
comparison. 


Each timer gets serviced every fourth CPU-clock cy- 
cle, and thus can operate at speeds up to one-quar- 
ter the internal clock frequency (one-eighth the crys- 
tal rate). External clocking of the timers may be done 
at up to a rate of one-quarter of the internal CPU· 
clock rate (2 MHz for an 8 MHz CPU clock). Due to 
internal synchronization and pipelining of the timer 
circuitry, a timer output may take up to 6 clocks to 
respond to any individual clock or gate input. 


Since the count registers and the maximum count 
registers are all 16 bits wide, 16 bits of resolution are 
provided. Any Read or Write access to the timers will 
add one wait state to the minimum four-clock bus 
cycle, however. This is needed to synchronize and 
coordinate the internal data flows between the inter- 
nal timers and the internal bus. 


The timers have several programmable options. 


• All three timers can be set to halt or continue on 
a terminal count. 


• Timers 0 and 1 can select between internal and 
external clocks, alternate between MAX COUNT 
registers and be set to retrigger on external 
events. 


• The timers may be programmed to cause an in- 
terrupt on terminal count. 


These options are selectable via the timer model 
control word. 


Timer Mode/Control 
Register 


The mode/control 
register (see Figure 20) allows 
the user to program the specific mode of operation 
or check the current programmed status for any of 
the three integrated timers. 


Table 15.Timer Control Block Format 


Register Name 
Register Offset 


Tmr.O 
Tmr.1 
Tmr.2 


Mode/Control Word 
56H 
5EH 
66H 
MaxCountB 
54H 
5CH 
not present 
Max Count A 
52H 
5AH 
62H 
Count Register 
50H 
58H 
60H 


1 
0 


ALT 
I CONT I 


inter 


The enable bit provides programmer control over 
the timer's RUN/HALT status. When set, the timer is 
enabled to increment subject to the input pin con- 
straints in the internal clock mode (discussed previ- 
ously). When cleared, the timer will be inhibited from 
counting. All input pin transistions during the time EN 
is zero will be ignored. If CaNT is zero, the EN bit is 
automatically cleared upon maximum count. 


The inhibit bit allows for selective updating of the 
enable (EN) bit. If INH is a one during the write to the 
mode/control word, then the state of the EN bit will 
be modified by the write. If INH is a zero during the 
write, 
the 
EN 
bit 
will 
be 
unaffected 
by 
the 


operation.This bit is not stored; it will always be a 0 
on a read. 


When set, the INT bit enables interrupts from the 
timer, which will be generated on every terminal 
count. If the timer is configured in dual MAX COUNT 
register mode, an interrupt will be generated each 
time the value in MAX COUNT register A is reached, 
and each time the value in MAX COUNT register B is 
reached. If this enable bit is cleared after the inter- 
rupt request has been generated, but before a pend- 
ing interrupt is serviced, the interrupt request will still 
be in force. (The request is latched in the Interrupt 
Controller). 


The 
Register 
In Use bit 
indicates which 
MAX 


COUNT register is currently being used for compari- 
son to the timer count value. A zero value indicates 
register A. The RIU bit cannot be written, Le., its 
value is not affected when the control register is writ- 
ten. It is always cleared when the ALT bit is zero. 


The Maximum Count bit is set whenever the timer 
reaches its final maximum count value. If the timer is 
configured in dual MAX COUNT register mode this 
bit will be set each time the value in MAX COUNT 
register A is reached, and each time the value in 
MAX COUNT register B is reached. This bit is set 
regardless of the timer's interrupt-enable bit. The 
MC bit gives the user the ability to monitor timer 
status through software instead of through inter- 
rupts. 


Retrigger bit is only active for internal clocking (EXT 
= 0). In this case it determines the control function 
provided by the input pin. 


If RTG = 0, the input level gates the internal clock 
on and off. If the input pin is HIGH, the timer will 
count; if the input pin is LOW, the timer will hold Its 
value. As indicated previously, the input signal may 
be asynchronous with respect to the 80186 clock. 


When RTG = 1, the input pin detects LOW-to-HIGH 
transitions. The first such transition starts the timer 
running, clearing the timer value to zero on the first 
clock, and then incrementing thereafter. 
Further 


transitions on the input pin will again reset the timer 
to zero, from which it will start counting up again. If 
CaNT = 0, when the timer has reached maximum 
count, the EN bit will be cleared, inhibiting further 
timer activity. 


The prescaler bit is ignored unless internal clocking 
has been selected (EXT = 0). If the P bit is a zero, 
the timer will count at one-fourth the internal CPU 
clock rate. If the P bit is a one, the output of timer 2 
will be used as a clock for the timer. Note that the 
user must initialize and start timer 2 to obtain the 
prescaled clock. 


The external bit selects between internal and exter- 
nal clocking for the timer. The external signal may 
be asynchronous with respect to the 80186 
clock. 


If this bit is set, the timer will count LOW-to-HIGH 
transitions on the input pin. If cleared, it will count an 
internal clock while using the input pin for control. In 
this mode, the function of the external pin is defined 
by the RTG bit. The maximum input to output tran- 
sition latency time may be as much as 6 clocks. 
However, clock inputs may be pipelined as closely 
together as every 4 clocks without losing clock puls- 
es. 


The ALT bit determines which of two MAX COUNT 
reg~stersis used for count comparison. If ALT = 0, 
register A for that timer is always used, while if ALT 
= 1, the comparison will alternate between register 
A and register B when each maximum count is 
reached. This alternation allows the user to change 
one MAX COUNT register while the other is being 
used, and thus provides a method of generating 
non-repetitive waveforms. Square waves and pulse 


inter 


outputs of any duty cycle are a subset of available 
signals obtained by not changing the final count reg- 
isters. The ALT bit also determines the function of 
the timer output pin. If ALT is zero, the output pin will 
go LOW for one clock, the clock after the maximum 
count is reached. If ALT is one, the output pin will 
reflect the current MAX COUNT register being used 
(0/1 for S/ A). 


Setting the CaNT bit causes the associated timer to 
run continuously, while resetting it causes the timer 
to halt upon maximum count. If CaNT = 0 and ALT 
= 1, the timer will count to the MAX COUNT register 
A value, reset, count to the register S value, reset, 
and halt. 


Not all mode bits are provided for timer 2. Certain 
bits are hardwired as indicated below: 


Count Registers 


Each of the three time'rs has a 16-bit count register. 
The contents of this register may be read or written 
by the processor at any time. If the register is written 
while the timer is counting,the new value will take 
effect in the current count cycle. 


Max Count Registers 


Timers 0 and 1 have two MAX COUNT registers, 
while timer 2 has a single MAX COUNT register. 
These contain the number of events the timer will 
count. In timers 0 and 1, the MAX COUNT register 
used can alternate between the two max count val- 
ues 
whenever 
the 
current 
maximum count 
is 
reached. A timer resets when the timer count regis- 
ter equals the max count value being used. If the 
timer count register or the max count register is 
changed so that the max count is less than the timer 
count, the timer does not immediately reset. Instead, 
the timer counts up to OFFFFH, "wraps around" to 
zero, counts up to the max count value, and then 
resets. 


Upon RESET, the Timers will perform the following 
actions: 
• All EN (Enable) bits are reset preventing timer 
counting. 
• For Timers 0 and 1, the RIU bits are reset to zero 
and the ALT bits are set to one. This results in the 
Timer Out pins going high. 


The 80186 can receive interrupts from a number of 
sources, both internal and external. The internal in- 
terrupt controller serves to merge these requests on 
a priority basis, for individual service by the CPU. 


Internal interrupt sources (Timers and DMA chan- 
nels) can be disabled by their own control registers 
or by mask bits within the interrupt controller. The 
80186 interrupt controller has its own control regis- 
ter that sets the mode of operation for the controller. 


The interrupt controller will resolve priority among 
requests that are pending simultaneously. Nesting is 
provided so interrupt service rountines for lower pri- 
ority interrupts may be interrupted by higher priority 
interrupts. A block diagram of the interrupt controller 
is shown in Figure 21. 


The 80186 has a special slave mode in which the 
internal interrupt controller acts as a slave to an ex- 
ternal master. The controller is programmed into this 
mode by setting bit 14 in the peripheral control block 
relocation register. (See Slave Mode section.) 


Five pins are provided for external interrupt sources. 
One of these pins is NMI, the non-maskable inter- 
rupt. NMI is generally used for unusual events such 
as power-fail interrupts. The other four pins may be 
configured in any of the following ways: 
• As four interrupt input lines with internally gener- 
ated interrupt vectors. 


• As an interrupt line and interrupt acknowledge 
line pair (cascade mode) with externally generat- 
ed interrupt vectors plus two interrupt input lines 
with internally generated vectors. 
• As two pairs of interrupt/interrupt acknowledge 
lines (cascade mode) with externally generated 
interrupt vectors. 


External sources in the cascade mode use external- 
ly generated interrupt vectors. When an interrupt is 
acknowledged, two INTA cycles are initiated and the 
vector is read into the 80186 on the second cycle. 
The capability to interface to external 8259A pro- 
grammable interrupt controllers is provided when 
the inputs are configured in cascade mode. 


inter 


Interrupt 
Controller 
Modes of 
Operation 


The basic modes of operation of the interrupt con- 
troller in master mode are similar to the 8259A. The 
interrupt controller responds indentically to internal 
interrupts in all three modes: the difference is only in 
the interpretation of function of the four external in- 
terrupt pins. The interrupt controller is set into one of 
these three modes by programming the correct bits 
in the INTOand INT1 control registers. The modes of 
interrupt controller operation are as follows: 


Fully Nested 
Mode 


When in the fully nested mode four pins are used as 
direct interrupt requests as in Figure 22. The vectors 
for these four inputs are generated internally. An in- 
service bit is provided for every interrupt source. If a 
lower-priority device requests an interrupt while the 
in service bit (IS) is set, no interrupt will be generat- 
ed by the interrupt controller. In addition, if another 
interrupt request occurs from the same interrupt 
source while the in-service bit is set, no interrupt will 
be generated by the interrupt controller. This allows 
interrupt service routines to operate with interrupts 
enabled, yet be suspended only by interrupts of 
higher priority than the in-service interrupt. 


When a service routine is completed, the proper IS 
bit must be reset by writing the proper pattern to the 
EOI register. This is required to allow subsequent 
interrupts from this interrupt source and to allow 
servicing of lower-priority interrupts. An EOI com- 
mand is executed at the end of the service routine 


just before the return from intI rrupt instruction. If the 
fully nested structure has been upheld, the next 
highest-priority source with its IS bit set is then serv- 
iced. 


Cascade 
Mode 


The 80186 has four interrupt pins and two of them 
have dual functions. In the fully nested mode the 
four pins are used as direct interrupt inputs and the 
corresponding vectors are generated internally. In 
the cascade mode, the four pins are configured into 
interrupt input-dedicated acknowledge signal pairs. 
The interconnection is shown in Figure 23. INTO is 
an interrupt input interfaced to an 8259A, while 
INT2/INTAO serves as the dedicated interrupt ac- 
knowledge signal to that peripheral. The same is 
true for INT1 and INT3/1NTA1. Each pair can selec- 
tively be placed in the cascade or non-cascade 
mode by programming the proper value into INTO 
and INT1 control registers. The use of the dedicated 
acknowledge signals eliminates the need for the use 
of external logic to generate INTA and device select 
signals. 


The primary cascade mode allows the capability to 
serve up to 128 external interrupt sources through 
the use of external master and slave 8259As. Three 
levels of priority are created, requiring priority resolu- 
tion in the 80186 interrupt controller, the master 
8259As, and the slave 8259As. If an external inter- 
rupt is serviced, one IS bit is set at each of these 
levels. When the interrupt service routine is complet- 
ed, up to three end-of-interrupt commands must be 
issued by the programmer. 


Figure 22. Fully Nested 
(Direct) 
Mode Interrupt 
Controller 
Connections 


Special 
Fully Nested 
Mode 


This mode is entered by setting the SFNM bit in 
INTO or INT1 control register. It enables complete 
nestability with external 8259A masters. Normally, 
an interrupt request from an interrupt source will not 
be recognized unless the in-service bit for that 
source is reset. If more than one interrupt source is 
connected to an external interrupt controller, all of 
the interrupts will be funneled through the same 
80186 interrupt request pin. As a result, if the exter- 
nal interrupt controller receives a higher-priority in- 
terrupt, its interrupt will not be recognized by the 
80186 controller until the 80186 in-service bit is re- 
set. In special fully nested mode, the 80186 interrupt 
controller will allow interrupts from an external pin 
regardless of the state of the in-service bit for an 
interrupt source in order to allow multiple interrupts 
from a single pin. An in-service bit will continue to be 
set, however, to inhibit interrupts from other lower- 
priority 80186 interrupt sources. 


Special procedures should be followed when reset- 
ting IS bits at the end of interrupt service routines. 
Software polling of the IS register in the external 
master 8259A is required to determine if there is 
more than one bit set. If so, the IS bit in the 80186 
remains active and the next interrupt service routine 
is entered. 


The controller may be used in a polled mode if inter- 
rupts are undesirable. When polling, the processor 
disables interrupts and then polls the interrupt con- 
troller whenever it is convenient. Polling the interrupt 
controller is accomplished by reading the Poll Word 
(Figure 32). Bit 15 in the poll word indicates to the 
processor that an interrupt of high enough priority is 
requesting service. Bits 0-4 indicate to the proces- 
sor the type vector of the highest-priority source re- 


questing service. Reading the Poll Word causes the 
In-Service bit of the highest priority source to be set. 


It is desirable to be able to read the Poll Word infor- 
mation without guaranteeing service of any pending 
interrupt, Le., not set the indicated in-service bit. The 
80186 provides a Poll Status Word in addition to the 
conventional Poll Word to allow this to be done. Poll 
Word information is duplicated in the Poll Status 
Word, but reading the Poll Status Word does not set 
the associated in-service bit. These words are locat- 
ed in two adjacent memory locations in the register 
file. 


Programmable 
Priority 


The user can program the interrupt sources into any 
of eight different priority levels. The programming is 
done by placing a 3-bit priority level (0-7) in the con- 
trol register of each interrupt source. (A source with 
a priority level of 4 has higher priority over all priority 
levels from 5 to 7. Priority registers containing values 
lower than 4 have greater priority). All interrupt 
sources have preprogrammed default priority levels 
(see Table 4). 


If two requests with the same programmed priority 
level are pending at once, the priority ordering 
scheme shown in Table 4 is used. If the serviced 
interrupt routine reenables interrupts, other interrupt 
requests can be serviced. 


End-of-Interrupt 
Command 


The end-of-interrupt (EOI) command is used by the 
programmer to reset the In-Service (IS) bit when an 
interrupt service routine is completed. The EOI com- 
mand is issued by writing the proper pattern to the 
EOI register. There are two types of EOI commands, 
specific and nonspecific. The nonspecific command 
does not specify which IS bit is reset. When issued, 
the interrupt controller automatically resets the IS bit 
of the highest priority source with an active service 
routine. A specific EOI command requires that the 
programmer send the interrupt vector type to the in- 
terrupt controller indicating which source's IS bit is 
to be reset. This command is used when the fully 
nested structure has been disturbed or the highest 
priority IS bit that was set does not belong to the 
service routine in progress. 


Trigger 
Mode 


The four external interrupt pins can be programmed 
in either edge- or level-trigger mode. The control 
register for each external source has a level-trigger 


inter 


mode (LTM) bit. All interrupt 
inputs are active 
HIGH. 
In the edge sense 
mode or the level-trigger 
mode, 


the interrupt 
request 
must remain active (HIGH) until 


the interrupt 
request 
is acknowledged 
by the 80186 


CPU. In the edge-sense 
mode, 
if the level remains 


high after the interrupt 
is acknowledged, 
the input is 


disabled 
and no further 
requests 
will be generated. 


The input level must go LOW for at least one clock 
cycle to reenable 
the input. In the level-trigger 
mode, 
no such provision 
is made: holding the interrupt 
input 


HIGH will cause continuous 
interrupt 
requests. 


Interrupt 
Vectoring 


The 80186 Interrupt 
Controller 
will generate 
interrupt 


vectors 
for the integrated 
DMA channels 
and the in- 


tegrated 
Timers. 
In addition, 
the Interrupt 
Controller 


will generate 
interrupt 
vectors 
for the external 
inter- 


rupt lines if they are not configured 
in Cascade 
or 


Special 
Fully 
Nested 
Mode. 
The 
interrupt 
vectors 


generated 
are fixed and cannot 
be changed 
(see Ta- 


ble 4). 


The 
Interrupt 
Controller 
register 
model 
is shown 
in 


Figure 24. It contains 
15 registers. 
All registers 
can 


both be read or written 
unless 
specified 
otherwise. 


In-Service 
Register 


This register 
can be read from 
or written 
into. The 


format 
is shown in Figure 25. It contains 
the In-Serv- 


ice bit for each of the interrupt 
sources. 
The In-Serv- 


ice bit is set to indicate 
that a source's 
service 
rou- 


tine is in progress. 
When an In-Service 
bit is set, the 


interrupt 
controller 
will not generate 
interrupts 
to the 


CPU when it receives 
interrupt 
requests 
from devic- 


es with a lower programmed 
priority 
level. The TMR 


bit is the 
In-Service 
bit for all three 
timers; 
the 
DO 


and D1 bits are the In-Service 
bits for the two DMA 


channels; 
the 
10-13 are the 
In-Service 
bits for the 


external 
interrupt 
pins. 
The 
IS bit is set when 
the 


processor 
acknowledges 
an interrupt 
request 
either 


by an interrupt 
acknowledge 
or by reading 
the poll 


register. The IS bit is reset at the end of the interrupt 
service 
routine 
by an end-of-interrupt 
command. 


Interrupt 
Request 
Register 


The internal 
interrupt 
sources 
have interrupt 
request 


bits inside the interrupt 
controller. 
The format 
of this 


register is shown in Figure 25. A read from this regis- 
ter yields the status of these bits. The TMR bit is the 
logical OR of all timer interrupt 
requests. 
DO and D1 


are the interrupt 
request 
bits for the DMA channels. 


The state of the external 
interrupt 
input pins is also 


indicated. 
The state of the external 
interrupt 
pins is 


not a stored condition 
inside the interrupt 
controller, 


therefore 
the external 
interrupt 
bits cannot 
be writ- 


ten. The external 
interrupt 
request 
bits are set when 


an interrupt 
request 
is given to the interrupt 
control- 


ler, so if edge-triggered 
mode is selected, 
the bit in 


the register will be HIGH only after an inactive-to-ac- 
tive transition. 
For internal 
interrupt 
sources, 
the reg- 


ister bits are set when a request 
arrives 
and are reo 


set when the processor 
acknowledges 
the requests. 


Writes to the interrupt 
request 
register 
will affect 
the 


DO and D1 interrupt 
request 
bits. Setting 
either 
bit 


will cause the corresponding 
interrupt 
request 
while 


clearing 
either bit will remove 
the corresponding 
in- 


terrupt request. All other bits in the register are read- 
only. 
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Mask Register 


This is a 16-bit register that contains a mask bit for 
each interrupt source. The format for this register is 
shown in Figure 25. A one in a bit position corre· 
sponding to a particular source masks the source 
from generating interrupts. These mask bits are the 
exact same bits which are used in the individual con· 
trol registers; programming a mask bit using the 
mask register will also change this bit in the individu- 
al control registers, and vice versa. 
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Figure 24. Interrupt Controller Registers 
(Master Mode) 
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Priority Mask Register 


This register masks all interrupts below a particular 
interrupt priority level. The format of this register is 
shown in Figure 26. The code in the lower three bits 
of this register inhibits interrupts of priority lower (a 
higher priority number) than the code specified. For 
example, 100 written into this register masks inter- 
rupts of level five (101), six (110), and seven (111). 
The register is reset to seven (111) upon RESET so 
no interrupts are masked due to priority number. 


Interrupt Status Register 


This register contains general interrupt controller 
status information. The format of this register is 
shown in Figure 27. The bits in the status register 
have the following functions: 
DHLT: DMA Halt Transfer; setting this bit halts all 
DMA transfers. It is automatically set when- 
ever a non-maskable interrupt occurs, and it 
is reset when an IRET instruction is execut· 
ed. This bit allows prompt service of all non- 
maskable interrupts. This bit may also be set 
by the programmer. 
IRTx: 
These three bits represent the individual tim- 
er interrupt request bits. These bits differen- 
tiate between timer interrupts, since the tim- 
er IR bit in the interrupt request register is 
the "OR" function of all timer interrupt reo 
quest. Note that setting anyone 
of these 
three bits initiates an interrupt request to the 
interrupt controller. 
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Figure 27. Interrupt Status Register Format (Master Mode) 
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Figure 28. Timer/DMA Control Registers Formats 
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Figure 29. INTOIINT1 Control Register Formats 
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Figure 30. INT2/INT3 Control Register Formats 


Timer, DMA 0, 1; Control Register 


These registers are the control words for all the in- 
ternal interrupt sources. The format for these regis- 
ters is shown in Figure 28. The three bit positions 
PRO,PR1, and PR2 represent the programmable pri- 
ority level of the interrupt source. The MSK bit inhib- 
its interrupt requests from the interrupt source. The 
MSK bits in the individual control registers are the 
exact same bits as are in the Mask Register; modify- 
-ing them in the individual control registers will also 
modify them in the Mask Register, and vice versa. 


INTO-INT3 Control Registers 


These registers are the control words for the four 
external input pins. Figure 29 shows the format of 
the INTO and INT1 Control registers; Figure 30 
shows the format of the INT2 and INT3 Control reg- 
isters. In cascade mOde or special fully nested 
mode, the control words for INT2 and INT3 are not 
used. 


The bits in the various control registers are encoded 
as follows: 
PRO-2: Priority programming information. Highest 
Priority = 000, Lowest Priority = 111 


LTM: 
Level-trigger mode bit. 1 = level-triggered; 
o = edge-triggered. Interrupt Input levels 
are active high. In level-triggered mode, an 
interrupt is generated whenever the exter- 
nal line is high. In edge-triggered mode, an 
interrupt will be generated only when this 


MSK: 
C: 


level is preceded by an inactive-to-active 
transition on the line. In both cases, the 
level must remain active until the interrupt 
is acknowledged. 
Mask bit, 1 = mask; 0 = non-mask. 
Cascade mode bit, 1 = cascade; 0 = di- 
rect 
Special fully nested mode bit, 1 = SFNM 


The end of the interrupt register is a command regis- 
ter which can only be written into. The format of this 
register is shown in Figure 31. It initiates an EOI 
command when written to by the 80186 CPU. 


The bits in the EOI register are encoded as follows: 
Sx: 
Encoded information that specifies an in- 
terrupt source vector type as shown in Ta- 
ble 4. For example, to reset the In-Service 
bit for DMA channel 0, these bits should be 
set to 01010, since the vector type for DMA 
channel 0 is 10. 


NOTE: 
To reset the single In-Service bit for any of 
the three timers, the vector type for timer 0 
(8) should be written in this register. 


NSPEC/: A bit that determines the type of EOI com- 
SPEC 
mand. Nonspecific = 1, Specific = o. 


Poll and Poll Status 
Registers 


These registers contain polling information. The for- 
mat of these registers is shown in Figure 32. They 
can only be read. Reading the Poll register consti- 
tutes a software poll. This will set the IS bit of the 
highest priority pending interrupt. Reading the poll 
status register will not set the IS bit of the highest 
priority pending interrupt; only the status of pending 
interrupts will be provided. 


Encoding of the Poll and Poll Status register bits are 
as follows: 
Sx: 
Encoded information that indicates the 
vector type of the highest priority inter- 
rupting source. Valid only when INTREQ 
= 1. 
INTREQ: This bit determines if an interrupt request 


is present. Interrupt Request = 1; no In- 
terrupt Request = O. 


When slave mode is used, the internal 80186 inter- 
rupt controller will be used as a slave controller to an 
external master interrupt controller. The internal 
80186 resources will be monitored by the internal 
interrupt controller, while the external controller 


functions as the system master interrupt controller. 
Upon reset, the 80186 will be in master mode. To 
provide for slave mode operation bit 14 of the relo- 
cation register should be set. 


Because of pin limitations caused by the need to 
interface to an external 8259A master, the internal 
interrupt controller will no longer accept external in- 
puts. There are however, enough 80186 interrupt 
controller inputs (internally) to dedicate one to each 
timer. In this mode, each timer interrupt source has 
its own mask bit, IS bit, and control word. 


In slave mode each peripheral must be assigned a 
unique priority to ensure proper interrupt controller 
operation. Therefore, it is the programmer's respon- 
sibility to assign correct priorities and initialize inter- 
rupt control registers before enabling interrupts. 


These level assignments must remain fixed in the 
iRMX 86 mode of operation. 


The configuration of the 80186 with respect to an 
external 8259A master is shown in Figure 33. The 
INTO(pin 45) input is used as the 80186 CPU inter- 
rupt input. INT3 (pin 41) functions as an output to 
send the 80186 slave-interrupt-request to one of the 
8 master-PIC-inputs. 
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Correct master-slave interface requires decoding of 
the slave addresses (CASO-2).Slave 8259As do this 
internally. Because of pin limitations, the 80186 
slave address will have to be decoded externally. 
INT1 (pin 44) is used as a slave-select input. Note 
that the slave vector address is transferred internal- 
ly, but the READY input must be supplied externally. 


INT2 (pin 42) is used as an acknowledge output, 
suitable to drive the INTA input of an 8259A. 


Slave mode operation allows nesting of interrupt re- 
quests. When an interrupt is acknowledged, the pri- 
ority logic masks off all priority levels except those 
with equal or higher priority. 


Vector generation in slave mode is exactly like that 
of an 8259A slave. The interrupt controller gener- 
ates an 8-bit vector which the CPU multiplies by four 
and uses as an address into a vector table. The sig- 
nificant five bits of the vector are user-programma- 
ble while the lower three bits are generated by the 
priority logic. These bits represent the encoding of 
the priority level requesting service. The significant 
five bits of the vector are programmed by writing to 
the Interrupt Vector register at offset 20H. 


Specific End-of-Interrupt 


In slave mode the specific EOI command operates 
to reset an in-service bit of a specific priority. The 
user supplies a 3-bit priority-level value that points to 
an in-service bit to be reset. The command is exe- 
cuted by writing the correct value in the Specific EOI 
register at offset 22H. 


Interrupt Controller 
Registers 


in the Slave Mode 


All control and command registers are located inside 
the internal peripheral control 
block. 
Figure 34 


shows the offsets of these registers. 


End-of-Interrupt 
Register 


The end-of-interrupt register is a command register 
which can only be written. The format of this register 
is shown in Figure 35. It initiates an EOI command 
when written by the 80186 CPU. 


The bits in the EOI register are encoded as follows: 
Lx: 
Encoded value indicating the priority of the IS 
bit to be reset. 
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Figure 35. Specific EOI Register Format 
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Figure 36. In-Service, Interrupt Request, and Mask Register Format 


In-Service Register 


This register can be read from or written into. It con- 
tains the in-service bit for each of the internal inter- 
rupt sources. The format for this register is shown in 
Figure 36. Bit positions 2 and 3 correspond to the 
DMA channels; positions 0, 4, and 5 correspond to 
the integral timers. The source's IS bit is set when 
the processor acknowledges its interrupt request. 


Interrupt 
Request Register 


This register indicates which internal peripherals 
have interrupt requests pending. The format of this 
register is shown in Figure 36. The interrupt request 
bits are set when a request arrives from an internal 
source, and are reset when the processor acknowl- 
edges the request. As in master mode, DO and D1 
are read/write; all other bits are read only. 


Mask Register 


The register contains a mask bit for each interrupt 
source. The format for this register is shown in Fig- 
ure 36. If the bit in this register corresponding to a 
particular interrupt source is set, any interrupts from 
that source will be masked. These mask bits are ex- 
actly the same bits which are used in the individual 
control registers, Le., changing the state of a mask 
bit in this register will also change the state of the 
mask bit in the individual interrupt control register 
corresponding to the bit. 


Control Registers 


These registers are the control words for all the in- 
ternal interrupt sources. The format of these regis- 
ters is shown in Figure 37. Each of the timers and 
both of the DMA channels have their own Control 
Register. 


The bits of the Control Registers are encoded as 
follows: 
prx: 
3·bit encoded field indicating a priority level 
for the source; note that each source must be 
programmed at specified levels. 
msk: mask bit for the priority level indicated by prx 
bits. 


LEVEL 
5 CONTROL 
REGISTER 


(TIMER 
2) 


LEVEL 
4 CONTROL 
REGISTER 


(TIMER 
1) 


LEVEL 
3 CONTROL 
REGISTER 


(OMA1) 


LEVEL 
2 CONTROL 
REGISTER 


(OMAO) 


LEVEL 
0 CONTROL 
REGISTER 


(TIMER 
0) 


INTERRUPT 
STATUS 
REGISTER 


INTERRUPT-REQUEST 
REGISTER 


IN·SERVICE 
REGISTER 


PRIORITY·LEVEL 
MASK 
REGISTER 


MASK 
REGISTER 


SPECIFIC 
EOI REGISTER 


INTERRUPT 
VECTOR 
REGISTER 


OFFSET 


3AH 


Figure 34. Interrupt Controller Registers 
(Slave Mode) 


This register provides the upper five bits of the inter- 
rupt vector address. The format of this register is 
shown in Figure 38. The interrupt controller itself 
provides the lower three bits of the Interrupt vector 
as determined by the priority level of the interrupt 
request. 


The format of the bits In this register is: 
tx: 
5·blt field Indicating the upper five bits of the 
vector address. 


Priority-Level 
Mask Register 


This register indicates the lowest priority-level inter- 
rupt which will be serviced. 


The encoding of the bits in this register is: 
mx: 
3-blt encoded field Indication prlorlty·level val- 
ue. All levels of lower priority will be masked. 


Interrupt StatuI Register 


This register is defined as in master mode except 
that DHLT is not implemented. (See Figure 27). 
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Upon RESET, the interrupt controller will perform 
the following actions: 
• All SFNM bits reset to 0, implying FUlly Nested 


Mode. 
• All PR bits in the various control registers set to 1. 


This places all sources at lowest priorIty (level 
111). 


• All LTM bits reset to 0, resulting In edge-sense 


mode. 


• All Interrupt Service bits reset to O. 
• All Interrupt Request bits reset to O. 
• All MSK (Interrupt Mask) bits set to 1 (mask). 
• All C (Cascade) bits reset to 0 (non-cascade). 
• All PRM (Priority Mask) bits set to 1, implying no 


levels masked. 


• Initialized to master mode. 
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Figure 38. Interrupt Vector Register Format 
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Figure 39. Priority Level Mask Register 
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•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these -or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Ambient 
Temperature 
under Bias 
O·C to 70·C 


Storage Temperature 
- 65·C to + 150·C 


Voltage 
on any Pin with 
Respect 
to Ground 
-1.0V 
to + 7V 


Power Dissipation 
3W 


D.C. CHARACTERISTICS 
(TA = O·Cto 
+70·C, 
Vee = 5V ±10%) 
Applicable 
to 80186 (8 MHz), 80186-10 
(10 MHz). 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


VIL 
Input Low Voltage 
-0.5 
+0.8 
V 


VIH 
Input High Voltage 
2.0 
Vee + 0.5 
V 


, 


(All except X1 and (RES) 


VIH1 
Input High Voltage 
(RES) 
3.0 
Vee + 0.5 
V 


VOL 
Output Low Voltage 
0.45 
V 
la = 2.5 mA for SO-52 
la = 2.0 mA for all other Outputs 


VOH 
Output High Voltage 
2.4 
V 
loa = - 400 p.A 


Ice 
Power Supply Current 
600' 
mA 
TA = -40·C 


550 
mA 
TA = O·C 


415 
mA 
TA = +70·C 


III 
Input Leakage Current 
±10 
p.A 
OV < VIN < Vee 


'LO 
Output 
Leakage Current 
±10 
p.A 
0.45V < VOUT < Vee 


VeLO 
Clock Output Low 
0.6 
V 
la = 4.0 mA 


VeHO 
Clock Output High 
4.0 
V 
loa = - 200 p.A 


VeLi 
Clock Input Low Voltage 
-0.5 
0.6 
V 


VeHI 
Clock Input High Voltage 
3.9 
Vee + 1.0 
V 


CIN 
Input Capacitance 
10 
pF 


CIO 
I/O Capacitance 
20 
pF 


A.C. CHARACTERISTICS 
(TA= o·eto +7o·e, Vcc = 5V ±10%) 


80186 Timing 
Requirements 
All Timings 
Measured 
At 1.5V Unless Otherwise 
Noted. 


80186 
80186·10 
(8 MHz) 
(10 MHz) 
Units 
Test 
Symbol 
Parameter 
Conditions 


Mln 
Max 
Mln 
Max 


TDVCL 
Data in Setup (AID) 
20 
15 
ns 


TCLDX 
Data in Hold (AID) 
10 
8 
ns 


TARYHCH 
Asynchronous 
Ready 
20 
15 
ns 
(ARDY) Active Setup 
Time 
(1) 


TARYLCL 
ARDY Inactive 
Setup 
35 
25 
ns 
Time 


TCLARX 
ARDY Hold Time 
15 
15 
ns 


TARYCHL 
Asynchronous 
Ready 
15 
15 
ns 
Inactive 
Hold Time 


TSRYCL 
Synchronous 
Ready 
20 
20 
ns 
(SRDY) Transition 
Setup Time (2) 


TCLSRY 
SRDY Transition 
15 
15 
ns 
Hold Time 
(2) 


THVCL 
HOLD Setup 
(1) 
25 
20 
ns 


TINVCH 
INTR, NMI, TEST, 
25 
25 
ns 
TIM IN, Setup 
(1) 


TINVCL 
DRQO, DRQ1, Setup 
(1) 
25 
20 
ns 


TCLAV 
Address 
Valid Delay 
5 
55 
5 
44 
ns 
CL = 20-200 
pF 


TCLAX 
Address 
Hold 
10 
10 
ns 
all Outputs 


TCLAZ 
Address 
Float Delay 
TCLAX 
35 
TCLAX 
30 
(ExceptT 
CLTMV) 
ns 
@8&10MHz 


TCHCZ 
Command 
Lines 
45 
40 
ns 
Float Delay 


TCHCV 
Command 
Lines Valid 
55 
45 
ns 
Delay (after Float) 


TLHLL 
ALE Width 
TCLCL -35 
TCLCL -30 
ns 


TCHLH 
ALE Active 
Delay 
35 
30 
ns 


TCHLL 
ALE Inactive 
Delay 
35 
30 
ns 


TLLAX 
Address 
Hold from 
TCHCL -25 
TCHCL -20 
ns 
ALE Inactive 


TCLDV 
Data Valid Delay 
10 
44 
10 
40 
ns 


TCLDOX 
Data Hold Time 
10 
10 
ns 


TWHDX 
Data Hold after WR 
TCLCL -40 
TCLCL -34 
ns 


TCVCTV 
Control 
Active 
Delay 1 
5 
50 
5 
40 
ns 


TCHCTV 
Control 
Active 
Delay 2 
10 
55 
10 
44 
ns 


TCVCTX 
Control 
Inactive 
Delay 
5 
55 
5 
44 
ns 


TCVDEX 
DEN Inactive 
Delay 
10 
70 
10 
56 
ns 
(Non-Write 
Cycle) 


1. To guarantee 
recognition 
at next clock. 
2. To guarantee 
proper 
operation. 


A.C. CHARACTERISTICS 
(TA = O·Cto 
+70·C, 
VCC = 5V ±10%) 
(Continued) 


80186 
MI.t.r 
Int.rtlc. 
Timing 
R•• pon ••• 
(Continued) 


80188 
80188·10 


Symbol 
Param.t.r 
(8 MHz) 
(10 MHz) 
Unit. 
T•• t 
Condition. 


Mln 
Ma. 
Mln 
Ma. 


TAZRL 
Address 
Float to 
0 
0 
ns 
1m Active 


TCLRL 
1m Active 
Delay 
10 
70 
10 
56 
ns 


TCLRH 
1m Inactive 
Delay 
10 
55 
10 
44 
ns 


TRHAV 
1m Inactive to 
TCLCL -40 
TCLCL -40 
ns 


. Address 
Active 


TCLHAV 
HLDA Valid Delay 
5 
50 
5 
40 
ns 


TRLRH 
1m Width 
2TCLCL -50 
2TCLCL -46 
ns 


TWLWH 
WFlWldth 
2TCLCL -40 
2TCLCL -34 
ns 


TAVLL 
Address 
Valid to 
TCLCH-25 
TCLCH-19 
ns 
ALE Low 


TCHSV 
Status Active 
Delay 
10 
55 
10 
45 
ns 


TCLSH 
Status 
Inactive 
Delay 
10 
65 
10 
50 
ns 


TCLTMV 
Timer Output 
Delay 
60 
48 
ns 
100 pF max 
II 8 & 10 MHz 


TCLRO 
Reset Delay 
60 
48 
ns 


TCHQSV 
Queue Status Delay 
35 
28 
ns 


TCHDX 
Status 
Hold Time 
10 
10 
ns 


TAVCH 
Address 
Valid to 
10 
10 
ns 
Clock High 


TCLLV 
LOCi< Valid/Invalid 
5 
65 
5 
60 
ns 
Delay 


TCLCSV 
Chip-Select 
66 
45 
ns 
Active 
Delay 


Tcxcsx 
Chip-Select 
Hold from 
35 
35 
ns 
Command 
Inactive 


TCHCSX 
Chip-Select 
5 
35 
5 
32 
ns 
Inactive 
Delay 


TCKIN 
CLKIN Period 
62.5 
250 
50 
250 
ns 


TCKHL 
CLKIN Fall Time 
10 
10 
ns 
3.5 to 1.0V 


TCKLH 
CLKIN 
Rise Time 
10 
10 
ns 
1.0 to 3.5V 


TCLCK 
CLKIN 
Low Time 
25 
20 
ns 
1.5V 


TCHCK 
CLKIN 
High Time 
25 
20 
ns 
1.5V 


TCICO 
CLKINto 
50 
25 
ns 
CLKOUTSkew 


TCLCL 
CLKOUT 
Period 
125 
500 
100 
500 
ns 


TCLCH 
CLKOUT 
Low Time 
Yo TCLCL -7.5 
Yo TCLCL -6.0 
ns 
1.5V 


TCHCL 
CLKOUT 
High Time 
Yo TCLCL -7.5 
Yo TCLCL -6.0 
ns 
1.5V 


TCH1CH2 
CLKOUT 
Rise Time 
15 
12 
ns 
1.0t03.5V 


TCL2CL1 
CLKOUT 
Fall Time 
15 
12 
ns 
3.5to 
1.0V 


intJ 


IN: 
Input (DRQO,TIMO,... ) 
L: 
Logic Level Low or ALE 
0: 
Output 
QS: 
Queue Status (QS1, QS2) 
R: 
RD signal, RESET signal 
S: 
Status (SO,S1, S2) 
SRY: Synchronous Ready Input 
V: 
Valid 
W: 
WR Signal 
X: 
No Longer a Valid Logic Level 
Z: 
Float 


Each timing symbol has from 5 to 7 characters. The 
first character is always a "T" (stands for time). The 
other 
characters, 
depending on their 
positions, 
stand for the name of a signal or the logical status of 
that signal. The following is a list of all the charac- 
ters and what they stand for. 
A: 
Address 
ARY: Asynchronous Ready Input 
C: 
Clock Output 
CK: 
Clock Input 
CS: 
Chip Select 
CT: 
Control (DT/A", DEN, ... ) 
D: 
Data Input 
DE: 
DEN 
H: 
Logic Level High 


Examples: 
TCLAY 
- 
Time from Clock low to Address valid 
TCHLH 
- 
Time from Clock high to ALE high 
TCLCSV - 
Time from Clock low to Chip Select valid 


inter 


SOFTWARE 
HALT-DT/ii 
=VOl• 


AD. WA. INTA. 
DEN = Vo+< 


Pel; 
TCLAV 
ImI 
[eI; 
lll:I 
(NOTE 
3) 


WAVEFORMS 
(Continued) 


MAJOR 
CYCLE 
TIMING 
(Continued) 


iiEii 


PeS. 
IIICJ 
1l:lI. 
ucs 
(NOTE 
3) 


NOTES: 
1. INTA occurs 
one clock 
later in slave mode. 


2. Status 
inactive 
just prior to T4. 


3. Latched 
A 1 and A2 have same timings 
as PCS5 and PCS6. 


inter 


NMI, 
TEST, 
INTO-3 
TIMERIN 


intJ 


~ 
INT0-3 
TlMERIN 


inter 


WAVEFORMS 
(Continued) 


READY 
TIMING 


_ 
__ 
'-I " 
<omo", 


ARDY 
~ 


ADI5-ADO 
DEN 


A19/S6- 
A16/S3, 
RD, WR, ---8-0-18-6--'" 
SHE,DT/R, 
52- SO,LOCK 


C~KOUT 
, 
.r---X_ 
~CL-lr~ 
HOLD ----- 


inter 


WAVEFORMS 
(Continued) 


TIMER 
ON 80186 


The Intel EXPRESS system offers enhancements to 
the operational specifications of the 80186 micro- 
processor. 
EXPRESS products are designed to 


meet the needs of those applications whose operat- 
ing requirements exceed commercial standards. 


The EXPRESS program includes the commercial 
standard temperature range with burn-in and an ex- 
tended temperature range without burn-in. 


With the commercial standard temperature range 
operational characteristics are guaranteed over the 
temperature range of O·C to + 70·C. With the ex- 
tended temperature range option, operational char- 
acteristics are guaranteed over the range of - 40·C 
to +8S·C. 


The optional burn-in is dynamic, for a minimum time 
of 160 hours at + 12SoCwith VCC = S.SV ±0.2SV, 
following guidelines in MIL-STD-883, Method 101S. 


Package types and EXPRESSversions are identified 
by a one- or two-letter prefix to the part number. The 
prefixes are listed in Table 16. All A.C. and D.C. 
specifications not mentioned in this section are the 
same for both commercial and EXPRESS parts. 


Table 
16. Prefix Identification 


Prefix 
Package 
Temperature 
Burn-In 
Type 
Range 


A 
PGA 
Commercial 
No 


N 
PLCC 
Commercial 
No 


R 
LCC 
Commercial 
No 


TA 
PGA 
Extended 
No 


OA 
PGA 
Commercial 
Yes 


OR 
LCC 
Commercial 
Yes 


NOTE: 
Not 
all 
package/temperature 
range/speed 
combinations 


are available. 


inter 


Since the bus interface 
unit and execution 
unit oper- 


ate 
independently, 
a determination 
of 80186 
pro- 


gram execution 
timing must consider 
the bus cycles 


necessary 
to 
prefetch 
instructions 
as well 
as the 


number 
of EU cycles 
necessary 
to execute 
instruc- 


tions. The following 
instruction 
timings 
represent 
the 


minimum 
execution 
time in clock 
cycles for each in- 


struction. 
The timings given are based on the follow- 
ing assumptions: 


• 
The opcode, 
along with any data or displacement 


required 
for execution 
of a particular 
instruction, 
has been prefetched 
and resides 
in the queue at 


the time it is needed. 


• 
No wait states 
or bus HOLDS 
occur. 


• 
All word-data 
is located 
on even-address 
bound- 


aries. 


All instructions 
which involve 
memory 
accesses 
can 


also require one or two additional 
clocks 
above 
the 


minimum 
timings 
shown 
due 
to the 
asynchronous 


handshake 
between 
the BIU and execution 
unit. 


All jumps and calls include the time required 
to fetch 


the opcode 
of the next instruction 
at the destination 


address. 


With a 16-bit BIU, the 80186 
has sufficient 
bus per- 


formance 
to ensure that an adequate 
number of pre- 


fetched 
bytes 
will reside 
in the queue 
most 
of the 


time. Therefore, 
actual 
program 
execution 
time will 


not be substantially 
greater 
than that 
derived 
from 


adding 
the instruction 
timings 
shown. 


inter 


Function 
Format 
Clock 
Comments 
. 
Cycles 


DATA 
TRANSFER 


MOV = Move: 


Register to RegisterlMemory 
1000100w 
mod reg rIm 
I 
2/12 


RegisterI memory to register 
1000101w 
mod reg rIm 
I 
2/9 


Immediate to registerlmemory 
1100011 
w 
mod 000 rIm I 
data 
I 
dataifw~1 
I 
12-13 
8/16-bit 


Immediate to register 
1011 
w reg 
data 
I 
dataifw=1 
I 
3-4 
8/16-bit 


Memory to accumulator 
1010000w 
addr-Iow 
I 
addr-high 
I 
8 


Accumulator to memory 
1010001w 
I 
addr-Iow 
I 
addr-high 
I 
9 


Registerlmemory to segment register I 
10001110 
I mod o reg rIm I 
2/9 


Segment register to registerlmemory 
I 
10001100 
I mod o reg rIm I 
2/11 


PUSH = Push: 


Memory 
I 
11111111 
I 
mod 110 
rIm I 
16 


Register 
I 
01010reg 
I 
10 


Segment register 
I 
OOOreg 110 
I 
9 


Immediate 
I 011010s0 
I 
data 
I 
datalfs=O 
I 
10 


PUSHA = Push AU 
I 01100000 
36 


POP = Pop: 


Memory 
I 
10001111 
modOOO rIm I 
20 


Register 
I 
01011 
reg 
10 


Segment register 
I 
000reg111 
(reg",01) 
8 


POPA = PopAIl 
I 01100001 
51 


XCHG = Exchange: 


Registerlmemory with register 
I 
1000011w 
I 
mod reg rIm 
I 
4/17 


Register with accumulator 
I 
10010reg 
I 
3 


IN ~ 
Inputlrom: 


Fixed port 
1110010w 
I 
port 
I 
10 


Variable port 
1110110w 
I 
8 


OUT = Output to: 


Fixed port 
1110011 
w 
port 
I 
9 


Vanable port 
1110111 
w 
7 


XLAT 
= Translate byte to AL 
11010111 
11 


LEA = Load EA to register 
10001101 
mod reg rIm I 
6 


LOS = Load pointer to OS 
I 
11000101 
mod reg rIm 
I 
(mod",11) 
18 


LES = Load pointer to ES 
I 
11000100 
mod reg rIm 
I 
(mod",11) 
18 


LAHF 
= Load AH with flags 
I 
10011111 
2 


SAHF 
~ Store AH into flags 
I 
10011110 
3 


PUSHF 
= Push flags 
I 
10011100 
9 


POPF 
~ Pop flags 
I 
10011101 
8 


inter 


Function 
Format 
Clock 
Comments 
Cycles 


DATA TRANSFER (Continued) 
SEGMENT ~ Segment OverrIde: 


CS 
I 
00101110 
I 
2 


SS 
I 
00110110 
I 
2 


OS 
I 
00111110 
I 
2 


ES 
I 
00100110 
I 
2 


ARITHMETIC 
ADD ~ Add: 


Reg/memory with register to either 
I 
OOOOOOdw 
I 
mod reg rim 
I 
3/10 


Immediate to register/memory 
I 
100000sw 
I 
modOOO rim I 
data 
I data if s w~01 
I 
4/16 


Immediate to accumulator 
I 
0000010w 
I 
data 
I 
dataifw=1 
I 
3/4 
6/16-bit 


ADC ~ Add with carry: 


Reg/memory with register to either 
I 000100dw 
I 
mod reg rim 
I 
3/10 


Immediate to register/memory 
I 
100000sw 
I 
mod 010 
rim I 
data 
I data if s w=01 
I 
4/16 


Immediate to accumulator 
I 
0001010w 
I 
data 
I 
data ifw= 1 
I 
3/4 
8/16-bit 


INC = Increment: 


Register/memory 
I 
1111111w 
I modOOO rim I 
3/15 


Register 
I 
01000reg 
I 
3 


SUB ~ Subtract: 


Reg/memory and register to either 
I 
001010dw 
I 
mod reg rim 
I 
3/10 


Immediate from register/memory 
I 
100000sw 
I 
mod 1 01 rim I 
data 
I data if s w=01 
I 
4/16 


Immediate from accumulator 
I 
0010110w 
I 
data 
I 
dataifw~1 
I 
3/4 
8/16-bit 


SBB = Subtract with borrow: 


Reg/memory and register to either 
I 
000110dw 
mod reg rim 
I 
3/10 


Immediate from register/memory 
I 
100000sw 
mod011 
rim I 
data 
I data if s w=01 
I 
4/16 


Immediate from accumulator 
I 
0001110w 
data 
I 
dataifw~1 
I 
3/4 
8/16-bit 
DEC = Decrement 


Register/memory 
I 
1111111w 
mod 0 01 rim I 
3/15 


Register 
I 
01001 
reg 
3 


CMP = Compare: 


Register/memory with register 
I 
0011101 
w I 
mod reg rim 
I 
3/10 


Register with register/memory 
I 
0011100w 
I 
mod reg rim 
I 
3/10 


Immediate with register/memory 
I 
100000sw 
I 
mod 111 
rim I 
data 
I data if s w= 01 I 
3/10 


Immediate with accumulator 
I 
0011110w 
I 
data 
I 
data ifw~ 1 I 
3/4 
8/16-bit 


NEG = Change sign register/memory I 
1111011 
w I modO 11 rim I 
3/10 


AAA ~ ASCII adjust for add 
00110111 
I 
8 


DAA = Decimal adjust for add 
00100111 
I 
4 


AAS ~ ASCII adjust for subtract 
00111111 
I 
7 


DAS = Decimal adjust for subtract 
00101111 
I 
4 


MUL ~ Multiply (unsigned): 
1111011w 
I 
mod 100 rim 
I 
Register-Byte 
26-28 
Register-Word 
35-37 
Memory-Byte 
32-34 
Memory-Word 
41 43 


inter 


Function 
Format 
Clock 
Commenta 
Cyclea 


ARITHMETIC (Continued) 


IMUL = Integer multiply (signed): 
I 1111011 
w I mod 101 
rim I 


Register-Byte 
25-28 
Register-Word 
34-37 
Memory-Byte 
31-34 
Memory-Word 
40-43 


MUL - 
Imager Immediate rnultIpI:y 
I 011010al 
I 
mod reg rim I 
data 
I 
datalfa=O 
I 
22-25/ 
(signed) 
29-32 


DIV ~ Divide (unsigned): 
I 1111011w 
I mod 11 0 rim I 


Register-Byte 
29 


Register-Word 
38 


Memory-Byte 
35 


Memory-Word 
44 


IDIV = Integer divide (signed): 
I 
1111011 
w I mod 111 
rim I 


Register-Byte 
44-52 
Register-Word 
53-61 
Memory-Byte 
50-58 
Memory-Word 
59-67 


MM 
= ASCII adjust for multiply 
I 
11010100 
I 
00001010 
I 
19 


MD 
= ASCII adjust for divide 
I 
11010101 
I 00001010 
I 
15 


caw = Convert byte to word 
I 
10011000 
I 
2 


CWO ~ Convert word to double word I 
10011001 
I 
4 


LOGIC 
Shlft/Rotete 
Instructions: 


Register/Memory by 1 
I 
1101000w 
I 
modTTIr/m 
I 
2/15 


Register/Memory by CL 
I 
1101001 
w I 
modTTIr/m 
I 
i 
" 


5+n/17+n 


!Register/Memory by Count 
I 
I 
I 
I 
-- 
1100000w 
modTTIr/m 
count 
5+n/17+n 


TTT Inatructlon 
000 
ROL 
001 
ROR 
010 
RCL 
011 
RCR 
100 
SHL/SAL 
101 
SHR 
111 
SAR 


AND - 
And: 


Reg/memory and register to either 
I 001000dw 
I 
mod reg rim I 
3/10 


Immediate to register/memory 
I 
1000000w 
I mod 100 
rim I 
data 
I 
datalfw~l 
I 
4/16 


Immediate to accumulator 
I 
0010010w 
I 
data 
I 
dataifw=l 
I 
3/4 
8/1S-bit 


TEST - And function to flaga, no reault: 


Register/memory and register 
I 1000010w 
I 
mod reg rim 
I 
3/10 


Immediate data and register/memory 
I 
1111011 
w I modOOO rim I 
data 
I 
data ifw= 1 
I 
4/10 


Immediate data and accumulator 
I 
1010100w 
I 
data 
I 
dataijw=l 
I 
3/4 
8/16-bit 


OR-Or: 


Reg/memory and register to either 
I 
000010dw 
I 
mod reg rim 
I 
3/10 


Immediate to register/memory 
I 
1000000w 
I modOO 1 rim I 
data 
I 
data ifw-l 
I 
4/16 


Immediate to accumulator 
I 
0000110w 
I 
data 
I 
dataifw=l 
I 
3/4 
8/16-bit 


intJ 


Function 
Fortnat 
Clock 
Commenta 
Cycles 


LOGIC (Continued) 
XOR = Exclusive or: 


Reg/memoryand registerto either 
I 001100dw 
mod reg rIm 
I 
3/10 


Immediateto register/memory 
I 1000000w 
mod 110 
rIm I 
data 
I 
data ifw= 1 I 
4/16 


Immediateto accumulator 
I 0011010w 
data 
I 
dataifw=l 
I 
3/4 
8/16-b~ 


NOT = Invertregister/memory 
1111011w 
modOl0 
rIm I 
3/10 


STRINGMANIPULATION 


MOVS = Movebyte/word 
1010010w 
14 


CMPS = Comparebyte/word 
1010011 
w 
22 


SCAS = Scanbyte/word 
1010111 
w 
15 


LODS = Loadbyte/wd to AL/AX 
1010110w 
12 


STOS ~ Store byte/wd from AL/AX 
1010101w 
10 


INS = Inputbyte/wd from OXpor1 
0110110w 
I 
14 


OUTS = Outputbyte/wd to OXpor1 I 0110111w 
I 
14,_ 


Repeatedby count in CX(REP/REPE/REPZ/REPNE/REPNZ) 


MOVS ~ Movestring 
I 
11110010 
1010010w 
I 
8+8n 


CMPS = Comparestring 
I 
1111001 
z 
1010011w 
I 
5+22n 


SCAS = Scan string 
I 
1111001 
z 
1010111 
w I 
5+15n 


LODS ~ Loadstring 
I 
11110010 
1010110w 
I 
6+11n 


STOS = Store string 
I 
11110010 
1010101 
w I 
6+9n 


INS = Inputstring 
I 11110010 
[ 
0110110w 
I 
8+8n 


OUTS = Outputs1ring 
I 
11110010 
I 0110111w 
I 
8+8n 


CONTROLTRANSFER 


CALL = Call: 


Directwithin segment 
I 
11101000 
I 
disp-Iow 
I 
disp-high 
I 
15 


Register/memory 
I 
11111111 
I modO 10 rIm I 
13/19 


indirectwithin segment 


Directintersegment 
I 
10011010 
I 
segmentoffset 
I 
23 
I 
segmentselector 
I 


Indirectintersegment 
I 
11111111 
I modO 11 rIm I 
(mod"" 11) 
38 


JMP = Unconditional Jump: 


Short/long 
I 
11101011 
I 
disp-Iow 
I 
14 


Directwithin segment 
I 
11101001 
I 
disp-Iow 
I 
disp-high 
I 
14 


Register/memory 
I 
11111111 
I mod 100 rIm I 
11/17 
indirectw~hinsegment 


Direct 
intersegment 
I 
11101010 
I 
segmentoffset 
I 
14 


I 
segmentselector 
I 


Indirect 
intersegment 
I 
11111111 
I mod 101 rIm I 
(mod"" 11) 
26 


inter 


Function 
Format 
Clock 
Commenta 
Cycles 


CONTROL TRANSFER (Continued) 
RET = Return from CALL: 


Within segment 
11000011 
16 


Within sag adding immed to SP 
11000010 
data·low 
I 
data·high I 
18 


Intersegment 
11001011 
22 


Intersegment adding immediate to SP 
11001010 
data·low 
I 
data·high 
I 
25 


JE/JZ = Jump on equal/zero 
01110100 
disp 
I 
4/13 
JMP not 


JL/JNGE = Jump on less/not greater or equal 
I 
4/13 
taken/JMP 
01111100 
disp 
taken 
JLE/JNG = Jump on less or equal/not greater 
01111110 
disp 
4/13 


JB/JNAE = Jump on below/not above or equal 
01110010 
disp 
4/13 


JBE/JNA = Jump on below or equal/not above 
01110110 
disp 
4/13 


JP/JPE = Jump on parity/parity even 
01111010 
disp 
4/13 


JO = Jump on overflow 
01110000 
disp 
4/13 


JS = Jump on sign 
01111000 
disp 
4/13 


JNE/JNZ = Jump on not equal/not zero 
01110101 
disp 
4/13 


JNLlJGE 
= Jump on not less/greater or equal 
0'111101 
disp 
4/13 


JNLE/JG = Jump on not less or equal/greater 
01111111 
disp 
4/13 


JNB/JAE 
= Jump on not below/above or equal 
01110011 
I 
disp 
4/13 


JNBE/JA 
= Jump on not below or equal/above 
01110111 
disp 
4/13 


JNP/JPO = Jump on not par/par odd 
01111011 
disp 
4/13 


JNO = Jump on not overflow 
01110001 
disp 
4/13 


JNS = Jump on not sign 
01111001 
disp 
4/13 


JCXZ = Jump on ex zero 
11100011 
disp 
5/15 


LOOP = Loop ex times 
11100010 
I 
disp 
I 
6/16 
LOOP not 


LOOPZ/LOOPE = Loop while zero/equal 
11100001 
I 
disp 
I 
6/16 
taken/LOOP 
taken 
LOOPNZ/LOOPNE = Loop while not zero/equal 
11100000 
I 
disp 
I 
6/16 


ENTER = Enter Procedure 
11001000 
I 
data-low I 
data-h1gh I 
L I 


=0 
15 


L=1 
25 


L>1 
22+ 16(n-1) 


LEAVE = Leave Procedure 
I 11001001 
I 
8 


INT = Interrupt: 


Type specified 
I 
11001101 
I 
type 
I 
47 


Type 3 
I 
11001100 
I 
45 
if INT. taken/ 


INTO = Interrupt on overflow 
I 
11001110 
I 
48/4 
if INT. not 


taken 


IRET = Interrupt return 
I 
11001111 
I 
28 


BOUND = Detect value out of range 
I 
I mod reg rIm I 
-- 


01100010 
--- 
33-35 


Format 
Clock 
Comment. 
Function 
Cycle. 


PROCESSORCONTROL 


CLC = Clear carry 
11111000 
I 
2 


CMC = Complement carry 
11110101 
I 
2 


STC = Set carry 
11111001 
I 
2 


CLD = Clear direction 
11111100 
I 
2 


STD = Set direction 
11111101 
I 
2 


CLI = Clear interrupt 
11111010 
I 
2 


STI = Set interrupt 
11111011 
2 


HLT = Halt 
11110100 
2 


WAIT = Wait 
I 
10011011 
6 
if TEST = 0 


LOCK = Bus lock prefix 
I 
11110000 
- 
2 


ESC = Processor Extension Escape I 
11011 
TTT 
mod LLL rIm 
I 
6 


(TTT LLL are opcode to processor extension) 


NOP = No Operation 
I 
10010000 
I 
3 


The Effective 
Address 
(EA) of the memory 
operand 


is computed 
according 
to the mod and rim fields: 


if mod = 11 then rIm is treated as REG field 
if mod = 00 then OISP = 0'. disp-Iow and disp-high are absent 
if mod = 01 then OISP = disp-Iow sign-extended to 16-bits, disp-high 
is absent 
if mod = 10 then OISP = disp-high: disp-Iow 
if rIm 
= 000 then EA = (BX) + (SI) + OISP 
if rIm 
= 001 then EA = (BX) + (01) + DISP 


if rIm = 010 then EA = (BP) + (SI) + OISP 
if rIm 
= 011 then EA = (BP) + (01) + OISP 


if rIm = 100 then EA = (SI) + OISP 
if rIm 
= 101 then EA = (01) + OISP 
if rIm 
= 110 then EA = (BP) + OISP' 
if rIm = 111 then EA = (BX) + OISP 


015P follows 
2nd byte of instruction 
(before 
data if 
required) 


'except 
if mod 
= 00 and rim 
disp-high: 
disp-Iow. 


EA calculation 
time is 4 clock 
cycles 
for all modes, 
and is included 
in the execution 
times given whenev- 
er appropriate. 


Segment 
Override 
Prefix 


reg is assigned 
according 
to the following: 


Segment 
Register 
E5 
C5 
55 
05 


16-Blt (w = 1) 
000 AX 
001 CX 
010 OX 
011 BX 
1005P 
101 BP 
11051 
111 01 


8-Bit (w = 0) 
OOOAL 
001 CL 
0100L 
011 BL 
100AH 
101 CH 
1100H 
111 BH 


The physical 
addresses 
of all operands 
addressed 
by the BP register 
are computed 
using the 55 seg- 
ment register. 
The physical 
addresses 
of the desti- 


nation 
operands 
of the 
string 
primitive 
operations 
(those 
addressed 
by the 01 register) 
are computed 
using the E5 segment, 
which may not be overridden. 


inter 


The sections significantly revised since version -009 are: 
Pin Description Table 
Various descriptions rewritten for clarity. 


Interrupt Vector Table 
Redrawn for clarity. 
A.C. Characteristics 
Added reminder that TSRYCL and TCLSRY must be met. 


Explanation of the 
A.C. Symbols 
New section. 
Major Cycle Timing 
Waveforms 
TCLRO indicated. 


The sections significantly revised since version -008 are: 
Pin Description Table 
Noted RES to be low more than 4 clocks. Connections to X1 and X2 clarified. 
DMA Control Bit Descriptions 
Moved and clarified note concerning TC condition for ST/STOP clearing during 
unsynchronized transfers. 
Renamed iRMX Mode to Slave Mode. 
Noted that DOand D1 are read/write, others read-only. 
Effect of bus width clarified. 


Interrupt Controller, etc. 
Interrupt Request Register 
Execution Timings 


80C186 
CHMOS HIGH INTEGRATION 
16·BIT MICROPROCESSOR 
• Operation 
Modes 
Include: 
• Completely 
Object Code Compatible 
- 
Enhanced 
Mode Which Has 
with All Existing 8086/8088 
Software 
- 
DRAM Refresh 
and Also Has 10 Additional 
Instructions 
- 
Power-Save 
Mode 
over 8086/8088 
- 
Direct Interface 
to New 
• Complete 
System 
Development 


Numerics 
Coprocessor 
Support 


- 
Compatible 
Mode 
- 
All 8086 and NMOS 80186 Software 
- 
NMOS 80186 Pin for Pin 
Development 
Tools Can Be Used for 
Replacement 
for Non-Numerics 
80C186 
System 
Development 


Applications 
- 
ASM 86 Assembler, 
PL/M-86, 
• Integrated 
Feature 
Set 
Pascal-86, 
Fortran-86, 
C-86, and 
- 
Enhanced 
80C86/C88 
CPU 
System 
Utilities 
- 
Clock Generator 
-In-Circult-Emulator 
(ICETM-186) 
- 
2 Independent 
DMA Channels 
• High Performance 
Numeric 
- 
Programmable 
Interrupt 
Controller 
Coprocessing 
Capability 
through 
- 3 Programmable 
16-Blt Timers 
80C187 
Interface 
- 
Dynamic 
RAM Refresh 
Control 
Unit 
- 
Programmable 
Memory 
and 
• Available 
in 68 Pin: 


Peripheral 
Chip Select 
Logic 
- 
Plastic Leaded 
Chip Carrier 
(PLCC) 


- 
Programmable 
Wait State Generator 
- 
Ceramic 
Pin Grid Array (PGA) 


- 
Local Bus Controller 
- 
Ceramic 
Leadless 
Chip Carrier 


- 
Power Save Mode 
(JEDEC A Package) 


- 
System-Level 
Testing 
Support 
(High 
(See Packaging 
Outlines 
and Dimensions, 
Order 
Number 


Impedance 
Test Mode) 
231369) 
• Available 
In 16 MHz (80C186-16), 
• Available 
in EXPRESS: 


12.5 MHz (80C186-12) 
and 10 MHz 
- 
Standard 
Temperature 
with Burn-In 


(80C186) 
Versions 
- 
Extended 
Temperature 
Range 


(- 40·C to + 85·C) 
• Direct Addressing 
Capability 
to 


1 MByte 
Memory 
and 64 KByte 1/0 


The Intel 80C186 is a CHMOS high integration microprocessor. It has features which are new to the 80186 
family which include a DRAM refresh control unit, power-save mode and a direct numerics interface. When 
used in "compatible" mode, the 80C186 is 100% pin-for-pin compatible with the NMOS 80186 (except for 
8087 applications). The "enhanced" mode of operation allows the full feature set of the 80C186 to be used. 
The 80C186 is upward compatible with 8086 and 8088 software and fully compatible with 80186 and 80188 
software. 
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Symbol 
Pin No. 
Type 
Name and Function 


Vcc 
9 
I 
System 
Power: + 5 volt power supply. 
43 
I 


Vss 
26 
I 
System Ground. 
60 
I 


RESET 
57 
0 
Reset Output indicates 
that the 80C186 CPU is being reset, and can be 
used as a system reset. It is active HIGH, synchronized 
with the 
processor 
clock, and lasts an integer number of clock periods 
corresponding 
to the leng~h of the RES signal. Reset goes inactive 2 
clockout 
periods after RE 
goes inactive. When tied to the TEST/BUSY 
pin, Reset forces the 80C1 86 into enhanced 
mode. Reset Output is not 
floated 
during bus hold. 


X1 
59 
I 
Crystal Inputs X1 and X2 provide external connections 
for a fundamental 
X2 
58 
0 
mode or third overtone 
parallel resonant 
crystal for the internal 
oscillator. 


X1 can connect 
to an external clock instead of a crystal. In this case, 
minimize the capacitance 
on X2. The input or oscillator 
frequency 
is 
internally 
divided by two to generate 
the clock signal (CLKOUT). 


CLKOUT 
56 
0 
Clock Output provides 
the system with a 50% duty cycle waveform. 
All 
device pin timings are specified 
relative to CLKOUT. 
CLKOUT 
is active 
during reset and bus hold. 


RES 
24 
I 
An active RES causes the 80C186 to immediately 
terminate 
its present 
activity, clear the internal 
logic, and enter a dormant 
state. This signal 
may be asynchronous 
to the 80C1 86 clock. The 80C1 86 begins fetching 
instructions 
approximately 
6% clock cycles after RES is returned 
HIGH. 
For proper initialization, 
Vcc must be within specifications 
and the clock 
signal must be stable for more than 4 clocks with RES held LOW. RES is 
internally 
synchronized. 
This input is provided 
with a Schmitt-trigger 
to 
facilitate 
power-on 
RES generation 
via an RC network. 


TEST/BUSY 
47 
I 
The TEST pin is sampled 
during and after reset to determine 
whether 
the 
80C186 is to enter Compatible 
or Enhanced 
Mode. Enhanced 
Mode 
requires TEST to be HIGH on the rising edge of RES and LOW four 
clocks later. Any other combination 
will place the 80C1 86 in Compatible 
Mode. A weak internal pullup (7500 
± 20%) insures a HIGH state when 
the pin is not driven. 


TEST -In 
Compatible 
Mode this pin is configured 
to o~erate as TEST. 
This pin is examined 
by the WAIT instruction. 
If the TE 
T input is HIGH 
when WAIT execution 
begins, instruction 
execution 
will suspend. 
TEST 
will be resampled 
every five clocks until it goes LOW, at which time 
execution 
will resume. If interrupts 
are enabled while the 80C1 86 is 
waiting for TEST, interrupts 
will be serviced. 


BUSY-In 
Enhanced 
Mode, this pin is configured 
to operate 
as BUSY. 


The BUSY input is used to notify the 80C1 86 of Numerics 
Processor 
Extension 
activity. 
Floating point instructions 
executing 
in the 80C1 86 
sample the BUSY pin to determine 
when the Numerics 
Processor 
is 
ready to accept a new command. 
BUSY is active HIGH. 


TMR IN 0 
20 
I 
Timer Inputs are used either as clock or control 
signals, depending 
upon 
TMR IN 1 
21 
I 
the programmed 
timer mode. These inputs are active HIGH (or LOW-to- 
HIGH transitions 
are counted) 
and internally 
synchronized. 
Timer Inputs 
must be tied HIGH when not being used as clock or retrigger 
inputs. 


TMROUTO 
22 
0 
Timer outputs are used to provide single pulse or continous 
waveform 
TMROUT 
1 
23 
0 
generation, 
depending 
upon the timer mode selected. 
These outputs 
are 
not floated 
during a bus hold. 


inter 


Symbol 
Pin No. 
Type 
Name and Function 


DRQO 
18 
I 
DMA Request 
is asserted 
HIGH by an external 
device when it is ready for 


DRQ1 
19 
I 
DMA Channel 0 or 1 to perform a transfer. 
These signals are level- 
triggered 
and internally 
synchronized. 


NMI 
46 
I 
The Non-Maskable 
Interrupt 
input causes a Type 2 interrupt. 
An NMI 
transition 
from LOW to HIGH is latched and synchronized 
internally, 
and 
initiates the interrupt 
at the next instruction 
boundary. 
NMI must be 
asserted 
for at least one clock. The Non-Maskable 
Interrupt 
cannot 
be 
avoided 
by programming. 


INTO 
45 
I 
Maskable 
Interrupt 
Requests 
can be requested 
by activating 
one of 
INT1 
44 
I 
these pins. When configured 
as inputs, these pins are active HIGH. 


INT2/INTAO 
42 
I/O 
Interrupt 
Requests 
are synchronized 
internally. 
INT2 and INT3 may be 


INT3/INTA1 
41 
I/O 
configured 
to provide active-LOW 
interrupt-acknowledge 
output signals. 


All interrupt 
inputs may be configured 
to be either edge- or level- 


triggered. 
To ensure recognition, 
all interrupt 
requests 
must remain 
active until the interrupt 
is acknowledged. 
When slave mode is selected, 


the function 
of these pins changes 
(see Interrupt 
Controller 
section 
of 
this data sheet). 


A19/56 
65 
0 
Address 
Bus Outputs 
(16-19) 
and Bus Cycle 5tatus 
(3-6) 
indicate 
the 
A18/55 
66 
0 
four most significant 
address 
bits during T 1. These signals are active 


A17/54 
67 
0 
HIGH. During T2, T3, Tw, and T4, status information 
is available 
on these 


A16/53 
68 
0 
lines as encoded 
below: 


I 
Low 
I 
High 


56 
I Processor 
Cycle I 
DMACycle 


53, 54, and 55 are defined 
as LOW during T2- T4. These outputs are 
floated 
during bus hold or reset. 


AD15 
1 
I/O 
Address/Data 
Bus (0-15) 
signals constitute 
the time multiplexed 


AD14 
3 
I/O 
memory or I/O address 
(T1) and data (T2' T3' Tw, and T4) bus. The 
AD13 
5 
I/O 
bus is active HIGH. Ao is analogous 
to BHE for the lower byte of the data 
AD12 
7 
I/O 
bus, pins D] through 
Do. It is LOW during T 1 when a byte is to be 


AD11 
10 
I/O 
transferred 
onto the lower portion of the bus in memory or I/O 


AD10 
12 
I/O 
operations. 
These pins are floated 
during a bus hold or reset. 


AD9 
14 
I/O 
AD8 
16 
I/O 
AD7 
2 
I/O 
AD6 
4 
I/O 
AD5 
6 
I/O 
AD4 
8 
I/O 
AD3 
11 
I/O 
AD2 
13 
I/O 
AD1 
15 
I/O 
ADO 
17 
I/O 


Symbol 
Pin No. 
Type 
Name and Function 


SHE 
64 
0 
The SHE (Bus High Enable) signal is analogous 
to AO in that it is used to 
enable data on to the most significant 
half of the data bus. pins D15- D8. 


BHE will be LOW during T1 when the upper byte is transferred 
and wi_lI_ 
remain LOW through T3 AND Tw. BHE does not need to be latched. 
BHE 
will float during HOLD or reset. 


In Enhanced 
Mode. BHE will also be used to signify DRAM refresh cycles. A 
refresh cycle is indicated 
by BHE and AO being HIGH. 


BHE and AO Encodings 


BHE Value 
AOValue 
Function 


0 
0 
Word Transfer 
0 
1 
Byte Transfer 
on upper half of data bus (D15-D8) 
1 
0 
Byte Transfer 
on lower half of data bus (D7-DO) 
1 
1 
Refresh 


ALE/QSO 
61 
0 
Address 
Latch Enable/Queue 
Status 0 is provided 
by the 80C186 to latch 
the address. ALE is active HIGH. with addresses 
guaranteed 
valid on the 
trailing edge. ALE floats during reset. but not during bus hold. 


WR/QS1 
63 
0 
Write Strobe/Queue 
Status 1 indicates 
that the data on the bus is to be 
written into a memory or an I/O device. It is active LOW, and floats during 
bus hold or reset. When the 80C186 is in queue status mode. the ALE/QSO 
and WR/QS1 
pins provide information 
about processor/instruction 
queue 
interaction. 


QS1 
QSO 
Queue 
Operation 


0 
0 
No queue operation 
0 
1 
First opcode 
byte fetched 
from the queue 
1 
1 
Subsequent 
byte fetched 
from the queue 
1 
0 
Empty the queue 


RD/QSMD 
62 
I/O 
Read Strobe is an active LOW signal which indicates 
that the 80C186 
is 
performing 
a memory or I/O read cycle. It is guaranteed 
not to go LOW 
before the AID 
bus is floated. An internal 
pull-up (750n 
±20%) 
ensures that 
RD/QSMD 
is HIGH during RESET. Following 
RESET the pin is sampled 
to 
determine 
whether the 80C186 is to provide ALE. RD, and WR, or queue 
status information. 
To enable Queue Status Mode, RD must be connected 
to 
GND. RD will float during bus hold. 


ARDY 
55 
I 
Asynchronous 
Ready informs the 80C186 that the addressed 
memory space 
or I/O device will complete 
a data transfer. 
The ARDY pin accepts 
a rising 
edge that is asynchronous 
to CLKOUT 
and is active HIGH. The falling edge 
of ARDY must be synchronized 
to the 80C186 clock. Connecting 
ARDY 
HIGH will always assert the ready condition 
to the CPU. If this line is unused. 
it should be tied LOW to yield control to the SRDY pin. 


SRDY 
49 
I 
Synchronous 
Ready informs the 80C186 that the addressed 
memory space 
or I/O device will complete 
a data transfer. 
The SRDY pin accepts 
an active- 
HIGH input synchronized 
to CLKOUT. 
The use of SRDY allows a relaxed 
system timing over ARDY. This is accomplished 
by elimination 
of the one- 
half clock cycle required to internally 
synchonize 
the ARDY input signal. 


Connecting 
SRDY high will always assert the ready condition 
to the CPU. If 
this line is unused, it should be tied LOW to yield control 
to the ARDY pin. 


inter 


Symbol 
Pin No. 
Type 
Name and Function 


LOCK 
48 
a 
LOCK output indicates 
that other system bus masters are not to gain 
control 
of the system bus, LOCK is active LOW. The LOCK signal is 


requested 
by the LOCK prefix instruction 
and is activated 
at the 


beginning 
of the first data cycle associated 
with the instruction 


immediately 
following 
the LOCK prefix. It remains active until the 


completion 
of that instruction. 
No instruction 
prefetching 
will occur 


while LOCK is asserted. 
LOCK floats during bus hold or reset. 


SO 
52 
a 
Bus cycle status SO-S2 
are encoded 
to provide bus-transaction 
S1 
53 
a 
information: 


S2 
54 
a 
80C186 
Bus Cycle Status Information 


S2 
S1 
SO 
Bus Cycle Initiated 


0 
-0 
0 
Interrupt Acknowledge 
0 
0 
1 
Read I/O 
0 
1 
0 
Write I/O 
0 
1 
1 
Halt 
1 
0 
0 
Instruction 
Fetch 
1 
0 
1 
Read Data from Memory 
1 
1 
0 
Write Data to Memory 
1 
1 
1 
Passive (no bus cycle) 


The status pins float during HOLD/HLDA. 
S2 may be used as a logical M/IO 
indicator, 
and S1 as a DT/R 


indicator. 


HOLD 
50 
I 
HOLD indicates 
that another 
bus master is requesting 
the local bus. 
HLDA 
51 
a 
The HOLD input is active HIGH. The 80C186 generates 
HLDA (HIGH) 


in response 
to a HOLD request. Simultaneous 
with the issuance 
of 
HLDA, the 80C186 will float the local bus and control 
lines. After 


HOLD is detected 
as being LOW, the 80C186 will lower HLDA. When 


the 80C186 
needs to run another 
bus cycle, it will again drive the local 


bus and control 
lines. 


In Enhanced 
Mode, HLDA will go low when a DRAM refresh cycle is 


, 
pending in the 80C186 and an external 
bus master has control 
of the 
bus. !t will be up to the external 
master to relinquish 
the bus by 


lowering 
HOLD so that the 80C186 may execute the refresh cycle. 


I' 
Lowering 
HOLD for one clock and returning 
HIGH will ensure only one 
refresh cycle to the external 
master. HLDA will immediately 
go active 


after the refresh cycle has taken place. 


UCS 
34 
I/O 
Upper Memory Chip Select is an active LOW output whenever 
a 


memory reference 
is made to the defined 
upper portion (1K-256K 


block) of memory. 
UCS does not float during bus hold. The address 


range activating 
UCS is software 
programmable. 


UCS and LCS are sampled 
upon the rising edge of RES. If both pins 


are held low, the 80C186 will enter ONCE Mode. In ONCE Mode all 
pins assume a high impedance 
state and remain so until a subsequent 


RESET. UCS has a weak internal 
pullup (7500 
± 20%) that is active 


during RESET to ensure that the 80C186 does not enter ONCE mode 
inadvertently. 
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Symbol 
Pin No. 
Type 
Name and Function 


LCS 
33 
I/O 
Lower Memory Chip Select is active LOW whenever 
a mem~eference 
is made to the defined 
lower portion 
(1K-256K) 
of memo'!y:"!:CS 
does 


not float during bus HOLD. The address 
range activating 
LCS is software 
programmable. 


UCS and LCS are sampled 
upon the rising edge of RES. If both pins are 
held low, the 80C186 will enter ONCE Mode. In ONCE Mode all pins 
assume ~h 
impedance 
state and remain so until a subsequent 
RESET. LCS has a weak internal pullup (750.0. ±20%) 
that is active only 
during RESET to ensure that the 80C196 does not enter ONCE mode 
inadvertently. 


MCSO/PEREa 
38 
0/1 
Mid-Range 
Memory Chip Select signals are active LOW when a memory 


MCS1/ERROR 
37 
0/1 
reference 
is made to the defined 
mid-range 
portion of memory 


MCS2 
36 
0 
(8K-512K). 
These lines do not float during bus HOLD. The address 


MCS3/NPS 
35 
0 
ranges activating 
MCSO-3 
are software 
programmable. 


In Enhanced 
Mode, MCSO becomes 
a PEREa 
input (Processor 
Extension 
Request). 
When connected 
to the Numerics 
Processor 
Extension, 
this input is used to signal the 80C186 when to make numeric 


data transfers 
to and from the NPX. MCS3 becomes 
NPS (Numeric 
Processor 
Select) which may only be activated 
by communication 
to the 
Numerics 
Processor 
Extension. 
MCS1 becomes 
ERROR in enhanced 


mode and is used to signal numerics 
coprocessor 
errors. 


MCSO/PEREa 
and MSC1 /ERROR 
have weak internal pullups 
(750.0. ± 20%) which are active during reset. 


PCSO 
25 
0 
Peripheral 
Chip Select signals 0-4 
are active LOW when a reference 
is 


PCS1 
27 
0 
made to the defined 
peripheral 
area (64K byte I/O or 1 MByte memory 


PCS2 
28 
0 
space). These lines do not float during bus HOLD. The address 
ranges. 


PCS3 
29 
0 
activating 
PCSO-4 
are software 
programmable. 


PCS4 
30 
0 


PCS.5/A1 
31 
0 
Peripheral 
Chip Select 5 or Latched A 1 may be programmed 
to provide a 


sixth peripheral 
chip select, or to provide an internally 
latched A 1 signal. 


The address range activating 
PCS5 is software ~ammable. 
When 


programmed 
to provide latched A 1 rather than PCS5, this pin will retain 


the preViously latched value of A1 during a bus HOLD. A1 is active HIGH. 
PCS5/ A 1 does not float during bus hold. 


PCS6/A2 
32 
0 
Peripheral 
Chip Select 6 or Latched A2 may be programmed 
to provide a 


seventh 
peripheral 
chip select, or to provide an internally 
latched A2 
signal. The address range activating 
PCS6 is software...EQgrammable. 


When programmed 
to provide 
latched A2 rather than PCS6, this pin will 


retain the previously 
latched value of A2 during a bus HOLD. A2 is active 


HIGH. PCS6/ A2 does not float during bus hold. 


DT/R 
40 
0 
Data Transmit/Receive 
controls 
the direction 
of data flow through an 
external 
data bus transceiver. 
When LOW, data is transferred 
to the 
80C186. When HIGH the 80C186 places write data on the data bus. DT / 
R floats during a bus hold or reset. 


DEN 
39 
0 
Data Enable is provided 
as a data bus transceiver 
output enable. 
DEN is 


active LOW during each memory and I/O access. 
DEN is HIGH 


whenever 
DT/R changes 
state. DEN will float during a bus hold or reset. 


The following Functional Description describes the 
base architecture of the 80C186. The 80C186 is a 
very high integration 16-bit microprocessor. It com- 
bines 15-20 of the most common microprocessor 
system components onto one chip. The 80C186 is 
object code compatible with the 8086/8088 
micro- 


processors and adds 10 new instruction types to the 
8086/8088 
instruction set. 


The 80C186 has two major modes of operation, 
Compatible and Enhanced. In Compatible Mode the 
80C186 
is 
completely 
compatible 
with 
NMOS 


80186, with the exception of 8087 support. The En- 
hanced mode adds three new features to the system 
design. These are Power-Save control, Dynamic 
RAM refresh, and an asynchronous Numerics Co- 
processor interface. 


16-81T 


REGISTER 
NAME 


SPECIAL 
REGISTER 
FUNCTIONS 


BYTE 


ADDRESSABLE 
(6·BIT 
REGISTER 
NAMES 
SHOWN) 


AH 
AL 


DH 
DL 


CH 
CL 


BH 
BL 


The 8086, 8088, 80186, and 80188 family all contain 
the same basic set of registers, instructions, and ad- 
dressing modes. The 80C186 processor is upward 
compatible with the 8086 and 8088 CPUs. 


The 80C186 base architecture has fourteen regis- 
ters as shown in Figures 3a and 3b. These registers 
are grouped into the following categories. 


General Registers 


Eight 16·bit general purpose registers may be used 
for arithmetic and logical operands. Four of these 
(AX,ax, CX, and OX)can be used as 16-bit registers 
or split into pairs of separate 8-bit registers. 


15 


cs 


~ 


CODE SEGMENT 
SElECTOR 


OS 
DATA 
SEGMENT 
SELECTOR 


55 
STACK SEGMENT 
SElECTOR 


ES 
EXTRA SEGMENT 
SElECTOR 


SEGMENT 
REGISTERS 


STATUS FLAGS: 


CARRY 


PARITY 


AUXILIARY 
CARRY 
Z(RO 
SIGN 


OVERFLOW 


CONTROL 
FLAOS: 


TRAP 
FLAG 


INTERRUPT 
ENAILI! 


DIRECTK)N 
FLAO 


Figure 3b. Status Word Format 
9-65 


Segment 
Registers 


Four 16-bit special 
purpose 
registers 
select, 
at any 
given time, the segments 
of memory 
that are imme- 
diately 
addressable 
for code, 
stack, 
and data. 
(For 
usage, refer to Memory 
Organization.) 


Base and Index 
Registers 


Four of the general 
purpose 
registers 
may also be 
used to determine 
offset 
addresses 
of operands 
in 
memory. These registers 
may contain 
base address- 
es or indexes 
to particular 
locations 
within 
a seg- 
ment. The addressing 
mode selects the specific 
reg- 
isters for operand 
and address 
calculations. 


Status and Control 
Registers 


Two 
16~bit special 
purpose 
registers 
record 
or alter 
certain 
aspects 
of, the 
80C186 
processor 
state. 
These 
are 
the 
Instruction 
Pointer 
Register, 
which 
contains 
the offset 
address 
of the 
next sequential 
instruction 
to 
be 
executed, 
and 
the 
Status 
Word 
Register, 
which 
contains 
status and control 
flag bits 
(see Figures 3a and 3b). 


Status Word Description 


The Status 
Word records 
specific 
characteristics 
of 
the result of logical 
and arithmetic 
instructions 
(bits 
0, 2, 4, 6, 7, and 11) and controls 
the operation 
of 
the 80C186 
within a given operating 
mode (bits 8, 9, 
and 10). The Status 
Word 
Register 
is 16-bits 
wide. 
The 
function 
of the 
Status 
Word 
bits is shown 
in 
Table 2. 


The instruction 
set is divided 
into seven categories: 
data 
transfer, 
arithmetic, 
shift/rotate/logical, 
string 
manipulation, 
control 
transfer, 
high-level 
instruc- 
tions, 
and processor 
control. 
These 
categories 
are 
summarized 
in Figure 4. 


An 80C186 
instruction 
can reference 
anywhere 
from 
zero to several 
operands. 
An operand 
can reside in 
a register, 
in the instruction 
itself, or in memory. 
Spe- 
cific operand 
addressing 
modes 
are discussed 
later 
in this data sheet. 


Memory Organization 


Memory 
is organized 
in sets of segments. 
Each seg- 
ment is a linear contiguous 
sequence 
of up to 64K 
(216) 8-bit bytes. Memory 
is addressed 
using a two- 
component 
address 
(a pointer) that consists 
of a 16- 
bit base 
segment 
and 
a 16-bit 
offset. 
The 
16-bit 
base 
values 
are contained 
in one 
of four 
internal 
segment 
register 
(code, 
data, 
stack, 
extra). 
The 


Bit 
Name 
Function 
Position 


0 
CF 
Carry Flag-8et 
on high-order 
bit carry or borrow; cleared 
otherwise 


2 
PF 
Parity Flag-8et 
if low-order 
8 
bits of result contain 
an even 
number of 1-bits; cleared 
otherwise 


4 
AF 
Set on carry from or borrow to 
the low order four bits of AL; 
cleared 
otherwise 


6 
ZF 
Zero Flag-Set 
if result is zero; 


cleared 
otherwise 


7 
SF 
Sign Flag-Set 
equal to high- 
order bit of result (0 if positive, 
1 if negative) 


8 
TF 
Single Step Flag-Once 
set, a 
single step interrupt 
occurs 
after the next instruction 
executes. 
TF is cleared 
by the 
single step interrupt. 


9 
IF 
Interrupt-enable 
Flag-When 
set, maskable 
interrupts 
will 
cause the CPU to transfer 
control to an interrupt vector 
specified 
location. 


10 
OF 
Direction 
Flag-Causes 
string 
instructions 
to auto decrement 
the appropriate 
index register 
when set. Clearing 
OF causes 
auto increment. 


11 
OF 
Overflow 
Flag-8et 
if the 
signed result cannot 
be 
expressed 
within the number 
of bits in the destination 
operand; 
cleared 
otherwise 


physical 
address 
is calculated 
by shifting 
the base 
value LEFT by four bits and adding the 16-bit offset 
value to yield a 20-bit 
physical 
address 
(see Figure 
5). This allows for a 1 MByte physical 
address 
size. 


All 
instructions 
that 
address 
operands 
in memory 
must specify the base segment 
and the 16-bit offset 
value. For speed and compact 
instruction 
encoding, 
the segment 
register 
used for physical 
address 
gen- 
eration 
is implied by the addressing 
mode used (see 
Table 
3). These 
rules follow 
the way programs 
are 
written 
(see Figure 6) as independent 
modules 
that 
require areas for code and data, a stack, and access 
to external 
data areas. 


Special 
segment 
override 
instruction 
prefixes 
allow 
the 
implicit 
segment 
register 
selection 
rules 
to be 
overridden 
for special 
cases. 
The staCk, data, 
and 
extra segments 
may coincide 
for simple 
programs. 
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GENERAL 
PURPOSE 
MOVS 
Move byte or word string 


MOV 
Move byte or word 
INS 
Input bytes or word string 


PUSH 
Push word onto stack 
OUTS 
Output 
bytes or word string 


POP 
Pop word off stack 


PUSHA 
CMPS 
Compare 
byte or word string 
Push all registers 
on stack 


POPA 
Pop all registers 
from stack 
SCAS 
Scan byte or word string 


XCHG 
Exchange 
byte or word 
LODS 
Load byte or word string 


XLAT 
Translate 
byte 
STOS 
Store byte or word string 


INPUT/OUTPUT 
REP 
Repeat 


IN 
Input byte or word 
REPE/REPZ 
Repeat while equal/zero 


OUT 
Output 
byte or word 
REPNE/REPNZ 
Repeat while not equal/not 
zero 


ADDRESS 
OBJECT 
LOGICALS 


LEA 
Load effective 
address 
NOT 
"Not" 
byte or word 


LOS 
Load pointer 
using OS 
AND 
"And" 
byte or word 


LES 
Load pointer 
using ES 
, 
OR 
"Inclusive 
or" byte or word 


FLAG TRANSFER 
XOR 
"Exclusive 
or" byte or word 


LAHF 
TEST 
"Test" 
byte or word 
Load AH register from flags 


SAHF 
Store AH register 
in flags 
SHIFTS 


SHLISAL 
Shift logical/arithmetic 
left byte or word 


PUSHF 
Push flags onto stack 
SHR 
Shift logical right byte or word 


POPF 
Pop flags off stack 
SAR 
Shift arithmetic 
right byte or word 


ADDITION 
ROTATES 


ADD 
Add byte or word 
ROL 
Rotate 
left byte or word 


ADC 
Add byte or word with carry 
ROR 
Rotate 
right byte or word 


INC 
Increment 
byte or word by 1 
RCL 
Rotate through 
carry left byte or word 


AAA 
ASCII adjust for addition 
RCR 
Rotate through 
carry right byte or word 


DAA 
Decimal 
adjust for addition 
FLAG OPERATIONS 


SUBTRACTION 
STC 
Set carry flag 


SUB 
Subtract 
byte or word 
CLC 
Clear carry flag 


SBB 
Subtract 
byte or word with borrow 
CMC 
Complement 
carry flag 


DEC 
Decrement 
byte or word by 1 
STD 
Set direction 
flag 


NEG 
Negate 
byte or word 
CLD 
Clear direction 
flag 
, 


CMP 
Compare 
byte or word 
STI 
Set interrupt 
enable flag 


AAS 
ASCII adjust for subtraction 
CLI 
Clear interrupt 
enable flag 


DAS 
Decimal 
adjust for subtraction 
EXTERNAL 
SYNCHRONIZATION 


MULTIPLICATION 
HLT 
Halt until interrupt 
or reset 


MUL 
Multiply 
byte or word unsigned 
WAIT 
Wait for TEST pin active 


IMUL 
Integer 
multiply 
byte or word 
ESC 
Escape to ex1ension 
processor 
- 


AAM 
ASCII adjust for multiply 
LOCK 
Lock bus during nex1 instruction 


DIVISION 
NO OPERATION 


DIV 
Divide byte or word unsigned 
NOP 
No operation 


IDIV 
Integer divide byte or word 
HIGH LEVEL INSTRUCTIONS 


AAD 
ASCII adjust for division 
ENTER 
Format stack for procedure 
entry 


CBW 
Convert 
byte to word 
LEAVE 
Restore 
stack for procedure 
exit 


CWO 
Convert 
word to doubleword 
BOUND 
Detects 
values outside 
prescribed 
range 


CONDITIONAL 
TRANSFERS 


JAlJNBE 
Jump if above/not 
below nor equal 


JAE/JNB 
Jump If above or equal/not 
below 


JB/JNAE 
Jump If below/not 
above nor equal 


JBE/JNA 
Jump If below or equal/not 
above 


JC 
Jump if carry 


JE/JZ 
Jump If equal/zero 


JG/JNLE 
Jump If greater/not 
less nor equal 


JGE/JNL 
Jump if greater 
or equal/not 
less 


JL/JNGE 
Jump if less/not 
greater 
nor equal 


JLE/JNG 
Jump if less or equal/not 
greater 


JNC 
Jump If not carry 


JNE/JNZ 
Jump if not equal/not 
zero 


JNO 
Jump if not overflow 


JNP/JPO 
Jump if not parity/parity 
odd 


JNS 
Jump if not sign 


JO 
Jump If overflow 


JP/JPE 
Jump if parity/parity 
even 


JS 
Jump if sign 


UNCONDITIONAL 
TRANSFERS 


CALL 
Call procedure 


RET 
Return from procedure 


JMP 
Jump 


ITERATION 
CONTROLS 


LOOP 
Loop 


LOOPE/LOOPZ 
Loop if equal/zero 


LOOPNE/LOOPNZ 
Loop if not equal/ not zero 


JCXZ 
Jump if register 
CX = 0 


INTERRUPTS 


INT 
Interrupt 


INTO 
Interrupt 
if overflow 


IRET 
Interrupt 
return 


To access 
operands 
that do not reside in one of the 
four 
immediately 
available 
segments. 
a full 
32-bit 
pointer 
can be used to reload 
both the base (seg- 
ment) and offset 
values. 
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TOMEMOAY 


Memory 
Segment 
Implicit Segment 
Reference 
Register 
Needed 
Used 
Selection 
Rule 


Instructions 
Code (CS) 
Instruction 
prefetch 
and 
immediate 
data. 


Stack 
Stack (SS) 
All stack pushes and 
pops; any memory 
references 
which use BP 
Register 
as a base 
register. 


External 
Extra (ES) 
All string instruction 
Data 
references 
which use 
(Global) 
the 01 register as an 
index. 


Local Data 
Data (OS) 
All other data references. 
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A 
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BLOCK 1 
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PROCEssD 
QAT. 
BLOCK 
2 
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Figure 6. Segmented 
Memory 
Helps 
Structure 
Software 
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Addressing 
Modes 


The 80C186 provides eight categories of addressing 
modes to specify operands. Two addressing modes 
are provided for instructions that operate on register 
or immediate operands: 


• 
Register 
Operand 
Mode: The operand is located 
in one of the 8- or 16-bit general registers. 


• 
Immediate 
Operand 
Mode: 
The operand is in- 
cluded in the instruction. 


Six modes are provided to specify the location of an 
operand In a memory segment. A memory operand 
address consists of two 16-bit components: a seg- 
ment base and an offset. The segment base is sup- 
plied by a 16-bit segment register either implicitly 
chosen by the addressing mode or explicitly chosen 
by a segment override prefix. The offset, also called 
the effective address, is calculated by summing any 
combination of the following three address ele- 
ments: 
• the displacement 
(an 8- or 16-bit immediate value 
contained in the instruction); 


• the base (contents of either the BX or BP base 
registers); and 


• the index (contents of either the 51 or 01 index 
registers). 


Any carry out from the 16-bit addition is ignored. 
Eight-bit displacements are sign extended to 16-bit 
values. 


Combinations of these three address elements de- 
fine the six memory addressing modes, described 
below. 


• 
Direct Mode: The operand's offset is contained in 
the instruction as an 8- or 16-bit displacement el- 
ement. 


• 
Register 
Indirect 
Mode: The operand's offset is in 
one of the registers 51, 01, BX, or BP. 


• 
Based 
Mode: The operand's offset is the sum of 
an 8- or 16-bit displacement and the contents of 
a base register (BX or BP). 


• 
Indexed 
Mode: The operand's offset is the sum 
of an 8- or 16-bit displacement and the contents 
of an index register (51 or 01). 


• 
Based Indexed 
Mode: The operand's offset is the 
sum of the contents of a base register and an 
Index register. 


• 
Based indexed 
Mode with Displacement: 
The op- 
erand's offset is the sum of a base register's con- 
tents, an index register's contents, and an 8- or 
16-bit displacement. 


Data Types 


The 80C186 directly supports the following data 
types: 


• 
Integer: A signed binary numeric value contained 
in an 8-bit byte or a 16-bit word. All operations 
assume 
a 
2's 
complement 
representation. 
Signed 32- and 64-bit integers are supported us- 
ing 
a 
Numeric 
Data 
Coprocessor 
with 
the 
80C186. 


• 
Ordinal: 
An unsigned binary numeric value con- 
tained in an 8-bit byte or a 16-bit word. 


• 
Pointer: A 16- or 32-bit quantity, composed of a 
16-bit offset component or a 16-bit segment base 
component in addition to a 16-bit offset compo- 
nent. 


• 
String: A contiguous sequence of bytes or words. 
A string may contain from 1 to 64K bytes. 


• ASCII: A byte representation of alphanumeric and 
control characters using the ASCII standard of 
character representation. 


• 
BCD: A byte (unpacked) representation of the 
decimal digits 0-9. 


• 
Packed 
BCD: A byte (packed) representation of 
two decimal digits (0-9). One digit is stored in 
each nibble (4-bits) of the byte. 


• 
Floating 
Point: A signed 32-, 64-, or 80-bit real 
number representation. (Floating point operands 
are supported using a Numeric Data Coprocessor 
with the 80C186.) 


In general, individual data elements must fit within 
defined segment limits. Figure 7 graphically repre- 
sents the data types supported by the 80C186. 


The I/O space consists of 64K 8-bit or 32K 16-bit 
ports. Separate instructions address the I/O space 
with either an 8-bit port address, specified in the in- 
struction, or a 16-bit port address in the OX register. 
8-bit port addresses are zero extended such that 
A15-Ae 
are LOW. I/O 
port addresses 00F8(H) 
through OOFF(H)are reserved. 


An interrupt transfers execution to a new program 
location. The old program address (CS:IP) and ma- 
chine state (Status Word) are saved on the stack to 
allow resumption of the interrupted program. Inter- 
rupts fall into three classes: hardware initiated, INT 
instructions, and instruction exceptions. Hardware 
initiated interrupts occur in response to an external 
input and are classified as non-maskable or maska- 
ble. 
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0 
Ii I i Iii IIi" Ii Ii I 


715 
+N 
0 
715 
+1 
0715 
0 
0 


STRING 
~ 
•• 
0 
111'11111'1111111 


BYTE WORD N 
BYTE WORD 1 
SYTe WORD 0 


31 
-+ 3 
-+ 2 
1615 
-+ 1 
0 
0 


POINTER II i i Iii 
i Iii 
r Iii 
i Iii 
i Iii 
i Iii 
i Iii 
i I 


I 
i 
I 
SelECTOR 
OFFSET 


19+9 
+8 
+7 
+6 
+5 
+4 
+3 
+2 
+' 
Fl~~~; 
'_1 
_ 


SIGNBIT..JI 
~ 
~ 


EXPONENT 
MAGNITUDE 


NOTE: 
'Supported 
by using a Numeric 
Data Coprocessor 
with 


the 80C186. 


Figure 7. 80C186 Supported 
Data Types 


Programs may cause an interrupt with an INT in- 
struction. Instruction exceptions occur when an un- 
usual condition, which prevents further instruction 
processing, is detected while attempting to execute 
an instruction. If the exception was caused by exe- 
cuting an ESC instruction with the ESC trap bit set in 
the relocation register, the return instruction will 
point to the ESC instruction, or to the segment over- 
ride prefix immediately preceding the ESC instruc- 


9-70 


tion if the prefix was present. In all other cases, the 
return address from an exception will point at the 
instruction 
immediately following 
the 
instruction 


causing the exception. 


A table containing up to 256 pointers defines the 
proper interrupt service routine for each interrupt. In- 
terrupts 0-31, some of which are used for instruc- 
tion exceptions, are reserved. Table 4 shows the 
80C186 predefined types and default priority levels. 
For each interrupt, an 8-bit vector must be supplied 
to the 80C186 which identifies the appropriate table 
entry. Exceptions supply the interrupt vector inter- 
nally. In addition, internal peripherals and noncas- 
caded external interrupts will generate their own 
vectors through the internal interrupt controller. INT 
instructions contain or imply the vector and allow 
access to all 256 interrupts. Maskable hardware ini- 
tiated interrupts supply the 8-bit vector to the CPU 
during an interrupt acknowledge bus sequence. 
Non-maskable hardware interrupts use a predefined 
internally supplied vector. 


Interrupt Sources 


The 80C186 can service interrupts generated by 
software or hardware. The software interrupts are 
generated by specific instructions (INT, ESC, unused 
OP, etc.) or the results of conditions specified by 
instructions (array bounds check, INTO, OIV, IOIV, 
etc.). All interrupt sources are serviced by an indirect 
call through an element of a vector table. This vector 
table is indexed by using the interrupt vector type 
(Table 4), multiplied by four. All hardware-generated 
interrupts are sampled at the end of each instruc- 
tion. Thus, the software interrupts will begin service 
first. Once the service routine is entered and inter- 
rupts are enabled, any hardware source of sufficient 
priority can interrupt the service routine in progress. 


The software generated 80C186 interrupts are de- 
scribed below. 


DIVIDE 
ERROR 
EXCEPTION 
(TYPE 
0) 


Generated when a OIV or IOIV instruction quotient 
cannot be expressed in the number of bits in the 
destination. 


SINGLE·STEP 
INTERRUPT 
(TYPE 
1) 


Generated after most instructions if the TF flag is 
set. Interrupts will not be generated after prefix in- 
structions (e.g., REP), instructions which modify seg- 
ment registers (e.g., POP OS), or the WAIT instruc- 
tion. 


NON-MASKABLE 
INTERRUPT -NMI 
(TYPE 
2) 


An 
external 
interrupt 
source 
which 
cannot 
be 


masked. 


intJ 


Interrupt 
Vector 
Vector 
Default 
Related 
Applicable 
Name 
Type 
Address 
Priority 
Instructions 
Notes 


Divide Error Exception 
0 
OOH 
1 
DIV,IDIV 
1 


Single Step Interrupt 
1 
04H 
1A 
All 
2 


Non-Maskable 
Interrupt 
(NMI) 
2 
08H 
1 
All 


Breakpoint 
Interrupt 
3 
OCH 
1 
INT 
1 


INTO Detected 
Overflow 
Exception 
4 
10H 
1 
INTO 
1 


Array Bounds Exception 
5 
14H 
1 
BOUND 
1 


Unused Opcode 
Exception 
6 
18H 
1 
Undefined 
1 
Opcodes 


ESC Opcode 
Exception 
7 
1CH 
1 
ESCOpcodes 
1,3 
(Coprocessor) 


Timer 0 Interrupt 
8 
20H 
2A 
4 


Timer 1 Interrupt 
18 
48H 
2B 
4 


Timer 2 Interrupt 
19 
4CH 
2C 
4 


Reserved 
9 
24H 
3 


DMA 0 Interrupt 
10 
28H 
4 
, 


DMA 1 Interrupt 
11 
2CH 
5 


INTO Interrupt 
12 
30H 
6 


INT1 Interrupt 
13 
34H 
7 


INT2 Interrupt 
14 
38H 
8 


INT3 Interrupt 
15 
3CH 
9 


Numerics 
Coprocessor 
Exception 
16 
40H 
1 
ESCOpcodes 
1,5 
(Numerics 
Coprocessor) 


Reserved 
,- 
17 
44H 


Reserved 
20-31 
50H ... 
7CH 


NOTES: 
Default priorities for the interrupt sources are used only if the user does not program each source to a unique priority level. 
1. Generated as a result of an instruction execution. 
2. Performed in the same manner as 8086. 
3. An ESC (coprocessor) opcode will cause a trap if the 80C186 is in compatible mode or if the processor is in enhanced 
mode with the proper bit set in the peripheral control block relocation register. The 80C186 is not directly compatible 
with 
the 80186 in this respect. 
4. All three timers constitute one source of request to the interrupt controller. As such, they share the same priority level with 
respect to other interrupt sources. However, the timers have a defined priority order among themselves (2A > 28 > 2C). 
5. Numerics coprocessor exceptions are detected by the 80C186 upon execution of a subsequent numerics instruction. 


A one-byte 
version 
of the INT instruction. 
It uses 12 
as an index 
into the service 
routine 
address 
table 
(because 
it is a type 3 interrupt). 


Generated 
during 
a BOUND 
instruction 
if the array 
index is outside 
the array bounds. 
The array bounds 
are located 
in memory at a location 
indicated 
by one 
of the instruction 
operands. 
The other operand 
indi- 
cates the value of the index to be checked. 
INTO DETECTED 
OVERFLOW 
EXCEPTION 
(TYPE4) 


Generated 
during an INTO instruction 
if the OF bit is 
set. 
Generated 
if execution 
is attempted 
on undefined 
opcodes. 


inter 


Generated 
if execution 
is attempted 
of ESC opcodes 
(D8H-DFH). 
In compatible 
mode 
operation, 
ESC 
opcodes 
will always 
generate 
this exception. 
In en- 
hanced 
mode operation, 
the exception 
will be gener- 
ated only if a bit in the relocation 
register 
is set. The 
return address 
of this exception 
will point to the ESC 
instruction 
causing the exception. 
If a segment 
over- 
ride prefix preceded 
the ESC instruction, 
the return 
address 
will point to the segment 
override 
prefix. 


NOTE: 
80C186 
processing 
of ESC (numerics 
coprocessor) 
opcodes 
differs 
substantially 
from the 80186. 


Hardware-generated 
int.errupts are divided 
into two 
groups: 
maskable 
interrupts 
and 
non-maskable 
in- 
terrupts. 
The 80C186 
provides 
maskable 
hardware 
interrupt 
request 
pins INTO-INT3. 
In addition, 
mask- 
able interrupts 
may be generated 
by the 80C186 
in- 
tegrated 
DMA 
controller 
and 
the 
integrated 
timer 
unit. The vector 
types for-these 
interrupts 
is shown 
in Table 4. Software 
enables 
these inputs by setting 
the interrupt 
flag bit (IF) in the Status Word. The in- 
terrupt 
controller 
is discussed 
in the peripheral 
sec- 
tion of this data sheet. 


Further 
maskable 
interrupts 
are disabled 
while serv- 
icing an interrupt 
because 
the IF bit is reset as part 
of the 
response 
to an interrupt 
or exception. 
The 
saved 
Status 
Word will reflect 
the enable 
status 
of 
the processor 
prior to the interrupt. 
The interrupt 
flag 
will remain zero unless specifically 
set. The interrupt 
return 
instruction 
restores 
the Status Word, thereby 
restoring 
the original 
status of IF bit. If the interrupt 


return re-enables 
interrupts, 
and another 
interrupt 
is 
pending, 
the 
80C186 
will 
immediately 
service 
the 
highest-priority 
interrupt 
pending, 
i.e., no instructions 
of the main line program 
will be executed. 


Non-Maskable 
Interrupt 
Request (NMI) 


A 
non-maskable 
interrupt 
(NMI) 
is also 
provided. 
This interrupt 
is serviced 
regardless 
of the state 
of 
the IF bit. A typical use of NMI would be to activate 
a 
power 
failure 
routine. 
The 
activation 
of this 
input 
causes an interrupt with an internally 
supplied 
vector 
value 
of 2. No external 
interrupt 
acknowledge 
se- 
quence 
is performed. 
The 
IF bit is cleared 
at the 
beginning 
of an NMI interrupt 
to prevent 
maskable 
interrupts 
from being serviced. 


The 80C186 
has an internal 
interrupt that allows pro- 
grams 
to 
execute 
one 
instruction 
at a time. 
It is 
called 
the single-step 
interrupt 
and is controlled 
by 
the single-step 
flag bit (TF) in the Status Word. Once 


this 
bit is set, 
an internal 
single-step 
interrupt 
will 
occur after the next instruction 
has been executed. 
The interrupt 
clears the TF bit and uses an internally 
supplied 
vector 
of 1. The IRET instruction 
is used to 
set the TF bit and transfer 
control to the next instruc- 
tion to be single-stepped. 


Processor 
initialization 
or startup 
is accomplished 
by 
driving 
the 
RES 
input 
pin 
LOW. 
RES 
forces 
the 
80C186 
to terminate 
all execution 
and local bus ac- 
tivitt:.!::!.o instruction 
or bus activity will occur as long 
as RES is active. 
After 
RES becomes 
inactive 
and 
an internal 
processing 
interval 
elapses, 
the 80C186 
begins execution 
with the instruction 
at physical 
lo- 
cation 
FFFFO(H). 
RES also 
sets some 
registers 
to 
predefined 
values 
as shown 
in Table 5. 


Table 5. 80C186 
Initial Register 
State 
after RESET 


Status Word 
Instruction 
Pointer 
Code Segment 
Data Segment 
Extra Segment 
Stack Segment 
Relocation 
Register 
UMCS 


F002(H) 
OOOO(H) 
FFFF(H) 
OOOO(H) 
OOOO(H) 
OOOO(H) 
20FF(H) 
FFFB(H) 


The 80C186 
provides 
an on-chip 
clock generator 
for 
both 
internal 
and 
external 
clock 
generation. 
The 
clock generator 
features 
a crystal oscillator, 
a divide- 
by-two 
counter, 
synchronous 
and 
asynchronous 
ready inputs, and reset circuitry. 


The 80C186 
oscillator 
circuit is designed 
to be used 
either with a parallel 
resonant 
fundamental 
or third- 
overtone 
mode crystal, depending 
upon the frequen- 
cy range 
of the application 
as shown 
in Figure 
8c. 
This is used as the time base for the 80C186. 
The 
crystal 
frequency 
chosen 
should 
be twice 
the 
reo 
quired processor 
frequency. 
Use of an LC or RC cir- 
cuit is not recommended. 


The output 
of the oscillator 
is not directly 
available 
outside 
the 80C186. 
The two recommended 
crystal 
configurations 
are shown in Figure 8a. When used in 
third-overtone 
mode the tank circuit shown in Figure 
8b is recommended 
for stable operation. 
The sum of 
the 
stray 
capacitances 
and 
loading 
capacitors 


intJ 


30pF' 
E., 
X2 
eOC1e6 


30pF' 
E., 
X2 
eOCle6 


.:c.200 pF' 


Note 
1: 
XTAL Frequency 
20 Mhz 
25 Mhz 
32 Mhz 


L1 Value 
12.0"H 
±20% 
8.2"H 
±20% 
4.7 "H ±20% 


I' 
ThIrd-Overtone 
----I 
Fundamental----j 
I 
I 
10 IIIHz 
12.51llHz 


N.C. X2 


eOC186 


" 


I 
161llHz 


X2 


80C186 


should equal the values shown. It is advisable 
to lim- 
it stray capacitance 
between 
the X1 and X2 pins to 
less than 
10 pF. While 
a fundamental-mode 
circuit 
will require approximately 
1 ms for start-up, the third- 
overtone 
arrangement 
may require 
1 ms to 3 ms to 
stabilize. 


Alternately, 
the oscillator 
may be driven from an ex- 
ternal source 
as shown 
in Figure 8d. The configura- 
tion shown 
in Figure 8e is not recommended. 


The 
following 
parameters 
should 
be 
used 
when 
choosing 
a crystal: 


Temperature 
Range: 
ESR (Equivalent 
Series Resistance): 
Co (Shunt Capacitance 
of Crystal): 


o to 70·C 
400. max 
7.0 pFmax 


C1 (Load Capacitance): 
Drive Level: 
20 pF ± 2 pF 
1 mWmax 


The 80C186 
clock generator 
provides 
the 50% duty 
cycle processor 
clock for the 80C186. 
It does this by 
dividing 
the oscillator 
output 
by 2 forming 
the sym- 
metrical 
clock. 
If an external 
oscillator 
is used, the 
state of the clock 
generator 
will change 
on the fail- 
ing edge 
of the oscillator 
signal. 
The CLKOUT 
pin 
provides 
the processor 
clock 
signal for use outside 
the 80C186. 
This may be used to drive other system 
components. 
All timings are referenced 
to the output 
clock. 


READY Synchronization 


The 80C186 
provides 
both synchronous 
and asyn- 
chronous 
ready 
inputs. 
Asynchronous 
ready 
syn- 
chronization 
is accomplished 
by circuitry which sam- 
ples ARDY 
in the middle of T2, T3, and again in the 
middle 
of each 
Tw 
until 
ARDY 
is sampled 
HIGH. 
One-half 
CLKOUT 
cycle 
of resolution 
time 
is used 
for full synchronization 
of a rising ARDY 
signal. 
A 
high-to-low 
transition 
on ARDY 
may be used as an 
indication 
of the not ready condition 
but it must be 
performed 
synchronously 
to CLKOUT 
either 
in the 
middle of T2, T3, or TW' or at the falling edge of T3 
orTw· 


A second 
ready 
input 
(SRDY) 
is provided 
to inter- 
face with externally 
synchronized 
ready signals. This 
input is sampled 
at the end of T2, T3 and again at 
the 
end 
of each 
Tw until 
it is sampled 
HIGH. 
By 
using this input rather than the asynchronous 
ready 
input, the half-clock 
cycle 
resolution 
time penalty 
is 
eliminated. 
This input 
must satisfy 
set-up 
and hold 
times to guarantee 
proper 
operation 
of the circuit. 


In addition, 
the 
80C186, 
as part of the 
integrated 
chip-select 
logic, has the capability 
to program WAIT 
states for memory 
and peripheral 
blocks. This is dis- 
cussed 
in the Chip Select/Ready 
Logic description. 


RESET Logic 


The 80C186 
provides 
both a RES input 
pin and a 
synchronized 
RESET 
outpu~ 
for use with other 
system 
components. 
The 
RES 
input 
pin 
on 
the 
80C186 
is provided 
with hysteresis 
in order to facili- 
tate power-on 
Reset generation 
via an RC network. 
RESET 
is guaranteed 
to remain 
active 
for at least 
five clocks 
given a RES input of at least six clocks. 
RESET may be delayed J!e....!oapproximately 
two and 
one-half 
clocks 
behind 
RES. 


The 80C186 
provides 
a local bus controller 
to gener- 
ate the local bus control 
signals. 
In addition, 
it em- 
ploys 
a HOLD/HLDA 
protocol 
for relinquishing 
the 
local bus to other bus masters. 
It also provides 
out- 
puts that can be used to enable external 
buffers and 
to direct the flow of data on and off the local bus. 


Memory IPeripheral 
Control 


The 80C186 ~vides 
ALE, RD, and WR bus control 
signals. 
The RD and WR signals 
are used to strobe 
data from memory 
or I/O to the 80C186 or to strobe 
data from 
the 80C186 
to memory 
or I/O. 
The ALE 
line provides 
a strobe to latch the address 
when it is 
valid. The 80C186 
local bus controller 
does not pro- 


vide a memory/I/O 
signal. If this is required, 
use the 
S2 signal (which will require externallatchil)g), 
make 
the memory 
and I/O spaces 
nonoverlapping, 
or use 
only the integrated 
chip-select 
circuitry. 


The 80C186 
generates 
two control 
signals for exter- 
nal transceiver 
chips. This capability 
allows the addi- 
tion of transceivers 
for extra buffering 
wi!bout 
adding 
external 
logic. These 
control 
lines, DT /R and DEN, 
are generated 
to control 
the flow of data through 
the 
transceivers. 
The 
operation 
of 
these 
signals 
is 
shown 
in Table 6. 


Pin Name 
Function 


DEN 
Enables the output drivers of the 
(Data Enable) 
transceivers. 
It is active LOW 
during memory, 
I/O, or INTA 
cycles. 
DTiA 
Determines 
the direction 
of travel 
(Data Transmit/ 
through the transceivers. 
A HIGH 


Receive) 
level directs data away from the 
processor 
during write 
operations, 
while a LOW level 
directs data toward the processor 
during a read operation. 


Local Bus Arbitration 


The 
80C186 
uses 
a HOLD/HLDA 
system 
of local 
bus exchange. 
This provides 
an asynchronous 
bus 
exchange 
mechanism. 
This means 
multiple 
masters 
utilizing the same bus can operate 
at separate 
clock 
frequencies. 
The 80C186 
provides 
a single 
HOLD/ 
HLDA pair through 
which all other bus masters 
may 
gain control 
of the local bus. External 
circuitry 
must 
arbitrate 
which 
external 
device 
will gain control 
of 
the bus when there is more than one alternate 
local 
bus. master. 
When 
the 80C186 
relinquishes 
control 
of the 
local 
bus, 
it floats 
DEN, 
RD, WR, 
SO-S2 
LOCK, 
ADO-AD15, 
A16-A19, 
BHE, 
and 
DT/A 
t~ 
allow another 
master to drive these 
lines directly. 


The 80C186 
HOLD 
latency 
time, 
Le., the time 
be- 
tween 
HOLD request 
and HOLD acknowledge, 
is a 
function 
of the 
activity 
occurring 
in the 
processor 
when 
the 
HOLD 
request 
is received. 
A HOLD 
re- 
quest 
is second 
only to DRAM 
refresh 
requests 
in 
priority 
of activity 
requests 
the 
processor 
may 
re- 
ceive. Any bus cycle 
in progress 
will be completed 
before the 80C186 
relinquishes 
the bus. This implies 
that 
if a HOLD 
request 
is received 
just 
as a DMA 
transfer 
begins, 
the HOLD 
latency 
can be as great 
as 4 bus cycles. This will occur if a DMA word trans- 


fer operation is taking place from an odd address to 
an odd address. This is a total of 16 clock cycles or 
more if WAIT states are required. In addition, if 
locked transfers are performed, the HOLD latency 
time will be increased by the length of the locked 
transfer. 


If the 80C186 has relinquished the bus and a refresh 
request is pending, HLDA is removed (driven low) to 
signal the remote processor that the 80C186 wishes 
to regain control of the bus. The 80C186 will wait 
until HOLD is removed before taking control of the 
bus to run the refresh cycle. 


During RESET the local bus controller will perform 
the following action: 


• Drive DEN, RD, and WR HIGH for one clock cy- 


cle, then float them. 


NOTE: 


RD/QSMD, 
UCS, 
LCS, MCSO/PEREQ, MCS1/ 


ERROR, and TEST/SUSY are provided with inter- 
nal pU~devices 
(750.0 ±20%) which are active 


while RES is driven active. These devices prevent 
the 80C186 from entering any undesired mode of 
operation if the inputs are left unconnected. 
• Drive SO-S2 to the inactive state (all HIGH) and 


then float. 


• Drive LOCK HIGH and then float. 
• Float ADO-15, A16-19, SHE, DTIR. 
• Drive ALE LOW (ALE is never floated). 
• Drive HLDA LOW. 


All the 80C186 integrated peripherals are contr.olled 
by 16-bit registers contained within an internal 256- 
byte control 
block. The control 
block 
may be 


mapped into either memory or I/O space. Internal 
logic will recognize control block addresses and re- 
spond to bus cycles. During bus cycles to internal 
registers, the bus controller will signal the operation 
externally (I.e., the RD, WR, status, address, data, 
etc., lines will be driven as in a normal bus cycle), 
but 015-0, 
SRDY, and ARDY will be ignored. The 


base address of the control block must be on an 
even 256-byte boundary (I.e., the lower 8 bits of the 
base address are all zeros). All of the defined regis- 
ters within this control block may be read or written 
by the 80C186 CPU at any time. 


The control block base address is programmed by a 
16-bit relocation register contained within the control 


block at offset FEH from the base address of the 
control block (see Figure 9). It provides the upper 12 
bits of the base address of the control block. The 
control block is effectively an internal chip select 
range and must abide by all the rules concerning 
chip selects (the chip select circuitry is discussed 
later in this data sheet). Any access to the 256 bytes 
of the control block activates an internal chip select. 


Other chip selects may overlap the control block 
only if they are programmed to zero wait states and 
ignore external ready. In addition, bit 12 of this regis- 
ter determines whether the control block will be 
mapped into I/O or memory space. If this bit is 1, the 
control block will be located in memory space. If the 
bit is 0, the control block will be located in I/O 
space. If the control register block is mapped into 
I/O space, the upper 4 bits of the base address 
must be programmed as 0 (since I/O addresses are 
only 16 bits wide). 


In addition to providing relocation information for the 
control block, the relocation register contains bits 
which place the interrupt controller into slave mode, 
and cause the CPU to interrupt upon encountering 
ESC instructions. At RESET, the relocation register 
is set to 20FFH, which maps the control block to 
start at FFOOHin I/O space. An offset map of the 
256-byte control register block is shown in Figure 
10. 


CHIP-SELECT/READY 
GENERATION 


LOGIC 


The 80C186 contains logic which provides program- 
mable Chip-selectgeneration for both memories and 
peripherals. In addition, it can be programmed to 
provide READY (or WAIT state) generation. It can 
also provide latched address bits A1 and A2. The 
chip-select lines are active for all memory and I/O 
cycles in their programmed areas, whether they be 
generated by the CPU or by the integrated DMA unit. 


Memory Chip Selects 


The 80C186 provides 6 memory chip select outputs 
for 3 address areas; upper memory, lower memory, 
and midrange memory. One each is provided for up- 
per memory and lower memory, while four are pro- 
vided for midrange memory. 


The range for each chip select is user-programma- 
ble and can be set to 2K, 4K, 8K, 16K, 32K, 64K, 
128K (plus 1K and 256K for upper and lower chip 
selects). In addition, the beginning or base address 


inter 


15 
14 
13 
12 
11 
10 
9 
B 
7 
6 
5 
4 
3 
2 
0 
OFFSET: 
FEH I ET ISLAVE/MASTER! 
X 
IMllol 
Relocation Address Bits R19-RB 
ET 
~ ESCTrap / No ESCTrap (1/0) 
M/IO = R~~R 
block located in Memory / I/O Space (1/0) 
SLAVE/MA 
= Configures interrupt controller for Slave/Master Mode (1/0) 


Relocation Register 


DMA Descriptors Channel 1 


DMA Descriptors Channel 0 


Chip-Select Control Registers 


Time 2 Control Registers 


Time 1 Control Registers 


Time 0 Control Registers 


Interrupt Controller Registers 


of the 
midrange 
memory 
chip 
select 
may also 
be 


selected. 
Only one chip select 
may be programmed 


to be active 
for any memory 
location 
at a time. All 


chip 
select 
sizes 
are 
in bytes, 
whereas 
80C186 


memory 
is arranged 
in words. THis means that if, for 


example, 
16 64K x 1 memories 
are used, the memo- 


ry block size will be 128K, not 64K. 


Upper Memory CS 


The 80C186 
provides 
a chip select, 
called 
UCS, for 


the 
top 
of memory. 
The top 
of memory 
is usually 


used as the system 
memory 
because 
after reset the 


80C186 
begins 
executing 
at 
memory 
location 


FFFFOH. 


The upper limit of memory defined 
by this chip select 


is always 
FFFFFH, 
while the lower limit is program- 


mable. 
By programming 
the lower 
limit, the size of 


the select 
block 
is also defined. 
Table 
7 shows 
the 


relationship 
between 
the base address 
selected 
and 


the size of the memory 
block obtained. 


Table 7. UMCS Programming 
Values 


Starting 
Memory 
UMCSValu. 
Address 
(Bas. 
Block 
(Assuming 


Address) 
Siz. 
RO=R1=R2=O) 


FFCOO 
1K 
FFF8H 


FF800 
2K 
FFB8H 


FFOOO 
4K 
FF38H 
FEOOO 
8K 
FE38H 
FCOOO 
16K 
FC38H 
F8000 
32K 
F838H 
FOOOO 
64K 
F038H 
EOOOO 
128K 
E038H 
COOOO 
256K 
C038H 


The lower limit of this memory 
block is defined 
in the 


UMCS 
register 
(see 
Figure 
11). This 
register 
is at 


offset 
AOH in the 
internal 
control 
block. 
The 
legal 


values 
for bits 6-13 
and the resulting 
starting 
ad- 


dress and memory 
block sizes are given in Table 7. 


Any combination 
of bits 6-13 
not shown 
in Table 
7 


will 
result 
in undefined 
operation. 
After 
reset, 
the 


UMCS register 
is programmed 
for a 1K area. It must 


be reprogrammed 
if a larger upper 
memory 
area is 


desired. 


The internal 
generation 
of any 20-bit address 
whose 


upper 16 bits are equal to or greater than the UMCS 
value (with bits 0-5 
as "0") 
asserts 
UCS. UMCS bits 


R2-RO 
specify the ready mode for the area of mem- 


ory defined 
by the chip select 
register, 
as explained 


below. 


Lower Memory CS 


The 80C186 
provides 
a chip select 
for low memory 


called 
LCS. The bottom 
of memory 
contains 
the in- 


terrupt 
vector 
table, starting 
at location 
OOOOOH. 


inter 


The lower limit of memory defined 
by this chip select 
is always OH, while the upper limit is programmable. 
8y 
programming 
the 
upper 
limit, 
the 
size 
of 
the 
memory block is defined. Table 8 shows the relation- 
ship between 
the 
upper 
address 
selected 
and the 
size of the memory 
block obtained. 


Upper 
Memory 
LMCSValue 
Block 
(Assuming 
Address 
Size 
RO=R1=R2=O) 


003FFH 
1K 
0038H 
007FFH 
2K 
0078H 
OOFFFH 
4K 
00F8H 
01FFFH 
8K 
01F8H 
03FFFH 
16K 
03F8H 
07FFFH 
32K 
07F8H 
OFFFFH 
64K 
OFF8H 
1FFFFH 
128K 
1FF8H 
3FFFFH 
256K 
3FF8H 


The upper limit of this memory block is defined 
in the 
LMCS register 
(see Figure 
12) at offset 
A2H in the 
internal 
control 
block. The legal values for bits 6-15 
and the resulting 
upper address 
and memory 
block 
sizes are given 
in Table 
8. Any combination 
of bits 
6-15 
not shown 
in Table 
8 will result 
in undefined 
operation. 
After reset, the LMCS register value is un- 
defined. 
However, 
the LCS chip-select 
line will not 
become 
active until the LMCS register 
is accessed. 


Any internally 
generated 
20-bit 
address 
whose 
up- 
per 16 bits are less than or equal to LMCS (with bits 
0-5 
"1 ") will assert 
LCS. LMCS register 
bits R2-RO 
specify 
the 
READY 
mode 
for the area 
of memory 
defined 
by this chip-select 
register. 


Mid-Range 
Memory CS 


The 80C186 
provides 
four MCS lines which 
are ac- 
tive 
within 
a 
user-locatable 
memory 
block. 
This 
block 
can 
be located 
within 
the 
80C 186 
1M byte 
memory 
address 
space 
exclusive 
of the areas 
de- 
fined 
by 
UCS 
and 
LCS. 
80th 
the 
base 
ad- 


dress and size of this memory block are programma- 
ble. 


The size of the memory 
block 
defined 
by the mid- 
range 
select 
lines, 
as shown 
in Table 
9, is deter- 
mined by bits 8-14 
of the MPCS register 
(see Figure 
13). This register 
is at location 
A8H in the internal 
control 
block. 
One and only one of bits 8-14 
must 
be set at a time. Unpredictable 
operation 
of the MCS 
lines will otherwise 
occur. 
Each of the four chip-se- 


lect lines is active for one of the four equal contigu- 
ous 
divisions 
of the 
mid-range 
block. 
If the 
total 
block size is 32K, each chip select is active for 8K of 
mem~ith 
MCSO being active 
for the first range 
and MCS3 being active for the last range. 


The EX and MS in MPCS relate to peripheral 
func- 
tionality 
as described 
in a later section. 


Table 9. MPCS Programming 
Values 


Total Block 
Individual 
MPCSBlts 
Size 
Select 
Size 
14-8 


8K 
2K 
00000018 
16K 
4K 
00000108 
32K 
8K 
00001008 
64K 
16K 
00010008 
128K 
32K 
00100008 
256K 
64K 
01000008 
512K 
128K 
10000008 


The base address 
of the mid-range 
memory 
block is 
defined 
by bits 15-9 
of the MMCS register 
(see Fig- 
ure 14). This register 
is at offset 
A6H in the internal 
control 
block. 
These 
bits 
correspond 
to 
bits 
A 19-A 13 
of 
the 
20-bit 
memory 
address. 
8its 
A 12-AO 
of the base address 
are always O. The base 
address 
may be set at any integer 
multiple 
of the 
size of the total memory 
block 
selected. 
For exam- 
ple, if the mid-range 
block size is 32K (or the size of 
the block 
for which 
each 
MCS line is active 
is 8K), 


the block 
could 
be located 
at 10000H 
or 18000H, 
but not at 14000H, 
since the first few integer 
multi- 
ples 
of 
a 
32K 
memory 
block 
are 
OH, 
8000H, 
10000H, 
18000H, 
etc. After 
reset, 
the contents 
of 
both of these registers 
is undefined. 
However, 
none 
of the MCS lines will be active 
until both the MMCS 
and MPCS registers 
are accessed. 


15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


OFFSET: 
AOHI 
1 I 
1 
U I u I u I u I u 
u I u I u 
1 
1 
1 I R2 I Rl I RO I 


A19 
All 


Figure 11. UMCS Register 


15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


OFFSET: 
A2H I 
0 I 
0 
u 
u I u I u I u 
u I u I u 
1 
1 
1 I R2 I Rl I RO I 


A19 
All 


Figure 12. LMCS Register 


9-77 


inter 


15 
14 
13 
12 
11 
10 
9 
8 
7 
6 


OFFSET: 
A8H I 
1 I M6 I M5 I M4 I M3 I M2 I Ml I MO I EX I MS I 


43210 


1 
1 I R2 I R1 I RO I 


15 
9 


OFFSET: 
A6H I u I u I u I u I u I u I u I 
1 


M9 
M3 


3 
0 


1 I 
1 I 
1 I 
1 
1 I R2 I R1 I RO I 


MMCS bits R2-RO specify READY mode of opera- 
tion for all four mid-range chip selects. 


The 512K block size for the mid-range memory chip 
selects is a special case. When using 512K, the 
base address would have to be at either locations 
OOOOOHor 80000H. If it were to be programmed at 
OOOOOHwhen the LCS line was programmed, there 
would be an internal conflict between the LCS ready 
generation logic and the MCS ready generation log- 
ic. Likewise, if the base address were programmed 
at 80000H, there would be a conflict with the UCS 
ready generation logic. Since the LCS chip-select 
line does not become active until programmed, while 
the UCS line is active at reset, the memory base can 
be set only at OOOOOH. 
If this base address is select- 


ed, however, the LCS range must not be pro- 
grammed. 


In Enhanced Mode, three of the four MCS pins be- 
come handshaking pins for the 80C187 Numerics 
Processor Extension. MCS2 is still available as a 
chip select covering one-fourth the mid-range ad- 
dress block, subject to the usual programming of the 
MPCS and MMCS registers. 


The 80C186 can generate chip selects for up to sev- 
en peripheral devices. These chip selects are active 
for seven contiguous blocks of 128 bytes above a 


programmable base address. The base address 
may be located in either memory or I/O space. 


Seven CS lines called PCSO-6 are generated by the 
80C186. The base address is user-programmable; 
however it can only be a multiple of 1K bytes, Le., 
the least significant 10 bits of the starting address 
are always O. 


PCS5and PCS6can also be programmed to provide 
latched address bits A1 and A2. If so programmed, 
they cannot be used as peripheral selects. These 
outputs can be connected directly to the AOand A1 
pins used for selecting internal registers of external 
8-bit peripheral chips. This scheme simplifies the ex- 
ternal hardware because the peripheral registers 
can be located on even boundaries in I/O or memo- 
ry space. 


The starting address of the peripheral chip-select 
block is defined by the PACS register (see Figure 
15). The register is located at offset A4H in the inter- 
nal control block. Bits 15-6 of this register corre- 
spond to bits 19-10 
of the 20-bit Programmable 


Base Address (PBA) of the peripheral chip-select 
block. Bits 9-0 of the PBA of the peripheral chip-se- 
lect block are all zeros. If the chip-select block is 
located in I/O 
space, bits 12-15 
must be pro- 


grammed zero, since the I/O address is only 16 bits 
wide. Table 10 shows the address range of each 
peripheral chip select with respect to the PBA con- 
tained in PACS register. 


15 
6 
5 
3 
0 


OFFSET: 
A4H I u I u I u I u I u I u I u I u I u I u I 
1 I 
1 
1 I R2 I R1 I RO I 
M9 
MO 


inter 


The user should program bits 15-6 to correspond to 
the desired peripheral base location. PACS bits 0-2 
are used to specify READY mode for PCSO-PCS3. 


Table 
10. PCS Address 
Ranges 


PCS Line 
Active between 
Locations 


PCSO 
PBA 
-PBA+127 
PCS1 
PBA+ 128-PBA + 255 
PCS2 
, 
PBA+ 256-PBA + 383 
PCS3 
PBA+ 384-PBA 
+ 511 
PCS4 
PBA+ 512-PBA + 639 
PCS5 
PBA+ 64D-PBA + 767 
PCS6 
PBA+ 768-PBA + 895 


The mode of operation of the peripheral chip selects 
is defined by the MPCS register (which is also used 
to set the size of the mid-range memory chip-select 
block, see Figure 13). The register is located at off- 
set A8H in the internal control block. Bit 7 is used to 
select the function of PCS5 and PCS6,while bit 6 is 
used to select whether the peripheral chip selects 
are mapped into memory or I/O space. Table 11 
describes the programming of these bits. After reset, 
the contents of both the MPCS and the PACS regis- 
ters are undefined, however none of the PCS lines 
will be active until both of the MPCS and PACS reg- 
isters are accessed. 


I Bit 
Description 


MS 
1 = Peripherals mapped into memory space. 
o = Peripherals mapped into I/O space. 
EX 
o = 5 PCS lines. A1, A2 provided. 
1 = 7 PCSlines. A1, A2 are not provided. 


MPCS bits 0-2 specify the READY mode for PCS4- 
PCS6 as outlined below. 


READY Generation 
Logic 


The 80C186 can generate a "READY" signal inter- 
nally for each of the memory or peripheral CS lines. 
The number of WAIT states to be inserted for each 
peripheral or memory is programmable to provide 
0-3 
wait states for all accesses to the area for 


which the chip select is active. In addition, the 
80C186 may be programmed to either ignore exter- 
nal READY for each chip-select range individually or 
to factor external READY with the integrated ready 
generator. 


READY control consists of 3 bits for each CS line or 
group of lines generated by the 80C186. The inter- 
pretation of the ready bits is shown in Table 12. 


R2 
R1 
RO 
Number of WAIT States Generated 


0 
0 
0 
o wait states, external ROY 
also used. 


0 
0 
1 
1 wait state inserted, external ROY 
also used. 
0 
1 
0 
2 wait states inserted, external ROY 
also used. 
0 
1 
1 
3 wait states inserted, external ROY 
also used. 
1 
0 
0 
o wait states, external ROY 
ignored. 
1 
0 
1 
1 wait state inserted, external ROY 
ignored. 
1 
1 
0 
2 wait states inserted, external ROY 
ignored. 


1 
1 
1 
3 wait states inserted, external ROY 
ignored. 


The internal ready generator operates in parallel 
with external READY, not in series if the external 
READY is used (R2 = 0). For example, if the inter- 
nal generator is set to insert two wait states, but 
activity on the external READY lines will insert four 
wait states, the processor will only insert four wait 
states, not six. This is because the two wait states 
generated by the internal generator overlapped the 
first two wait states generated by the external ready 
signal. Note that the external ARDY and SRDY lines 
are always ignored during cycles accessing internal 
peripherals. 


R2-RO of each control word specifies the READY 
mode for the corresponding block, with the excep- 
tion of the peripheral chip selects: R2-RO of PACS 
set the PCSO-3 READY mode, R2-RO of MPCS set 
the PCS4-6 READY mode. 


Chip Select/Ready 
Logic and Reset 


Upon RESET, the Chip-Select/Ready Logic will per- 
form the following actions: 


• All chip-select outputs will be driven HIGH. 
• Upon leaving RESET, the UCS line will be pro- 


grammed to provide chip selects to a 1K block 
with the accompanying READY control bits set at 
011 to insert 3 wait states in conjunction with ex- 
ternal READY (Le., UMCS resets to FFFBH). 


• No other chip select or READY control registers 


have any predefined values after RESET. They 
will not become active until the CPU accesses 
their control registers. Both the PACS and MPCS 
registers must be accessed before the PCS lines 
will become active. 


inter 


The 80C186 DMA controller provides two indepen- 
dent high-speed DMA channels. Data transfers can 
occur between memory and I/O spaces (e.g., Mem- 
ory to I/O) or within the same space (e.g., Memory 
to Memory or I/O to I/O). Data can be transferred 
either in bytes (8 bits) or in words (16 bits) to or from 
even or odd addresses. Each DMA channel main- 
tains both a 20-bit source and destination pointer 
which can be optionally incremented or decrement- 
ed after each data transfer (by one or two depending 
on byte or word transfers). Each data transfer con- 
sumes 2 bus cycles (a minimum of 8 clocks), one 
cycle to fetch data and the other to store data. 


Each channel has six registers in the control block 
which define each channel's operation. The control 
registers consist 
of a 20·bit Source pointer (2 


words), a 20·bit destination pointer (2 words), a 


16·bit Transfer Count Register, and a 16-bit Control 
Word. The format of the DMA Control Blocks is 
shown in Table 13. The Transfer Count Register 
(TC) specifies the number of DMA transfers to be 
performed. Up to 64K byte or word transfers can be 
performed with automatic termination. The Control 
Word defines the channel's operation (see Figure 
17). All registers may be modified or altered during 
any DMA activity. Any changes made to these regis- 
ters will be reflected immediately in DMA operation. 


Table 13. DMA Control Block Format 


Register Name 
Register Address 


Ch.O 
Ch.1 


Control Word 
CAH 
DAH 


Transfer Count 
C8H 
D8H 


Destination Pointer (upper 4 
C6H 
D6H 


bits) 
Destination Pointer 
C4H 
D4H 


Source Pointer (upper 4 bits) 
C2H 
D2H 


Source Pointer 
COH 
DOH 


DMA 
CONTROL 
LOGIC 


intJ 


MI 
DESTINATION 
MI 
SOURCE 
iO 
DEC 
INC 
iO 
DEC 
INC 
X = DON'T CARE. 


DMA Channel Control Word Register 


Each 
DMA 
Channel 
Control 
Word 
determines 
the 
mode 
of operation 
for the particular 
80C186 
DMA 
channel. 
This register 
specifies: 


• 
the mode of synchronization; 


• 
whether 
bytes or words will be transferred; 


• 
whether 
interrupts 
will be generated 
after the last 
transfer; 


• 
whether 
DMA 
activity 
will 
cease 
after 
a 
pro- 
grammed 
number 
of DMA cycles; 


• 
the relative 
priority 
of the DMA channel 
with re- 
spect to the other 
DMA channel; 


• 
whether 
the source 
pointer 
will be incremented, 
decremented, 
or maintained 
constant 
after each 
transfer; 


• 
whether 
the source pointer addresses 
memory or 
liD space; 


• 
whether 
the destination 
pointer will be increment- 
ed, 
decremented, 
or maintained 
constant 
after 
each transfer; 
and 


• 
whether 
the 
destination 
pointer 
will 
address 
memory 
or liD space. 


The DMA channel 
control 
registers 
may be changed 
while the channel 
is operating. 
However, 
any chang- 
es made during operation 
will affect the current DMA 
transfer. 


DMA Control Word Bit Descriptions 


DEST: 
MilO 
Destination pointer is in memory (1) 
and liD (0) space. 


DEC Decrement destination pointer by 1 
or 2 (depends on B/W) 
after each 
transfer. 


INC Increment destination 
pointer by 1 
or 2 (depends on B/W) 
after each 
transfer. 


If both INC and DEC are specified, 
the pointer will not be changed after 
each cycle. 


SOURCE: 
M/IO Source pointer is in memory (1) or 
I/O 
(0) space. 


DEC Decrement source pointer by 1 or 2 
(depends on B/W) after each trans- 
fer. 


INC Increment source pointer by 1 or 2 (de- 
pends on B/W) after each transfer. 


If both INC and DEC are specified, the 
pointer will remain constant 
after each 
cycle. 


TC: 
If set, DMA will terminate when the con- 
tents 
of 
the 
transfer 
count 
register 
reach zero. The STISTOP bit will also 
be reset at this point. 
If cleared, 
the 
DMA 
controller 
will 
decrement 
the 
transfer 
count 
register 
for each 
DMA 
CYCle,but DMA transfers 
will not stop 
when the transfer count register reach- 
es zero. 


INT: 
Enable interrupts to CPU upon transfer 
count termination. 


SYN: 
00 No synchronization. 


NOTE: 


When 
unsynchronized 
transfers 
are 
specified, the TC bit will be ignored and 
the 
ST bit will 
be cleared 
upon 
the 
transfer count reaching zero, stopping 
the channel. 


01 Source synchronization. 


10 Destination synchronization. 


11 Unused. 


Channel priority relative to other chan- 
nel. 
o Low priority. 


1 High priority. 


Channels 
will alternate 
cycles 
if both 
are set at same priority level. 


Enable/Disable 
(1/0) 
DMA 
requests 
from timer 2. 


Change/Do 
not 
change 
(1/0) 
ST/STOP bit. If this bit is set when writ- 
ing to the control word, the ST/STOP 
bit will be programmed 
by the write to 
the control 
word. If this bit is cleared 
when 
writing 
the 
control 
word, 
the 
ST/STOP bit will not be altered. This bit 
is not stored; it will always be read as O. 


Start/Stop 
(1/0) channel. 


Byte/Word 
(0/1) transfers. 


ST/STOP: 


B/W: 


inter 


DMA Destination 
and Source Pointer 
Registers 


Each DMA channel maintains a 20-bit source and a 
20-bit destination pointer. Each of these pointers 
takes up two full 16-bit registers in the peripheral 
control block. For each DMA channel to be used, all 
four pointer registers must be initialized. The lower 
four bits of the upper register contain the upper four 
bits of the 20-bit physical address (see Figure 18). 
These pointers may be individually incremented or 
decremented after each transfer. If word transfers 
are performed the pointer is incremented or decre- 
mented by two. 


Each pointer may point into either memory or I/O 
space. Since the upper four bits of the address are 
not automatically programmed to zero, the user 
must program them in order to address the normal 
64K I/O space. Since the DMA channels can per- 
form transfers to or from odd addresses, there is no 
restriction on values for the pointer registers. Higher 
transfer rates can be achieved if all word transfers 
are performed to or from even addresses so that 
accesses will occur in single bus cycles. 


Each DMA channel maintains a 16-bit transfer count 
register (TC). The register is decremented after ev- 
ery DMA cycle, regardless of the state of the TC bit 
in the DMA Control Register. If the TC bit in the DMA 
control word is set or if unsynchronized transfers are 
programmed, however, DMA activity will terminate 
when the transfer count register reaches zero. 


Data transfers may be either source or destination 
synchronized, that is either the source of the data or 
the destination of the data may request the data 
transfer. In addition, DMA transfers may be unsyn- 
chronized; that is, the transfer will take place contin- 
ually until the correct number of transfers has oc- 
curred. When source or unsynchronized transfers 
are performed, the DMA channel may begin another 
transfer immediately after the end of a previous 
DMA transfer. This allows a complete transfer to 
take place every 2 bus cycles or eight clock cycles 
(assuming no wait states). When .destination syn- 
chronization is performed, data will not be fetched 
from the source address until the destination device 
signals that it is ready to receive it. When destination 
synchronized transfers are requested, the DMA con- 
troller will relinquish control of the bus after every 
transfer. If no other bus activity is initiated, another 
DMA cycle will begin after two processor clocks. 
This allows the destination device time to remove its 
request if another transfer is not desired. Since the 
DMA controller will relinquish the bus, the CPU can 
initiate a bus cycle. As a result, a complete bus cycle 
will often be inserted between destination synchro- 
nized transfers. Table 14 shows the maximum DMA 
transfer rates. 


Table 14. Maximum 
DMA 


Transfer 
Rates at 16 MHz 


Type of 
Synchronization 
CPU Running 
CPU Halted 


Selected 


Unsynchronized 
4.0MBytes/sec 
4.0MBytes/sec 


SourceSynch 
4.0MBytes/sec 
4.0MBytes/sec 


DestinationSynch 
2.7MBytes/sec 
3.2MBytes/sec 


HIGHER 
REGISTER 
ADDRESS 


LOWER 
REGISTER 
ADDRESS 


xxx 
xxx 
XXX 
A19-A16 


A15-A12 
All-AS 
A7-A4 
A3-AO 
, 


No explicit DMA acknowledge pulse is provided. 
Since both source and destination pointers are 
maintained, a read from a requesting source, or a 
write to a requesting destination, should be used as 
the DMA acknowledge signal. Since the chip-select 
lines can be programmed to be active for a given 
block of memory or 1/0 space, and the DMA point- 
ers can be programmed to point to the same given 
block, a chip-select line could be used to indicate a 
DMA acknowledge. 


DMA Priority 


The DMA channels may be programmed to give one 
channel priority over the other, or they may be pro- 
grammed to alternate cycles when both have DMA 
requests pending. DMA cycles always have priority 
over internal CPU cycles except between locked 
memory accesses or word accesses to odd memory 
locations; also an external bus hold takes priority 
over an internal DMA cycle. Because an interrupt 
request cannot suspend a DMA operation and the 
CPU cannot access memory during a DMA cycle, 
interrupt latency time will suffer during sequences of 
continuous DMA cycles. An NMI request, however, 
will cause all internal DMA activity to halt. This al- 
lows the CPU to quickly respond to the NMI request. 


DMA Programming 


DMA cycles will occur whenever the ST/STOP 
bit of 


the Control Register is set. If synchronized transfers 
are programmed, a DRO must also be generated. 


MAX COUNT 
VAWE 
A 
LOCK/4 
MAX COUNT 
VALUE 
8 


MODElCONTIlOL 
WORD 


Therefore the source and destination transfer point- 
ers, and the transfer count register (if used) must be 
programmed before the STISTOP bit is set. 


Each DMA register may be modified while the chan- 
nel is operating. If the CHG/NOCHG bit is cleared 
when the control register is written, the STISTOP bit 
of the control register will not be modified by the 
write. If multiple channel registers are modified, it is 
recommended that a LOCKED string transfer be 
used to prevent a DMA'transfer from occurring be- 
tween updates to the channel registers. 


Upon RESET, the state of the DMA channels will be 
as follows: 
• The ST/STOP 
bit for each channel will be reset 


to STOP. 


• Any transfer in progress is aborted. 
• The values of the transfer count registers, source 


pointers, and destination pointers are indetermi- 
nate. 


The 80C186 provides three internal 16-bit program- 
mable timers (see Figure 19). Two of these are high- 
ly flexible and are connected to four external pins (2 
per timer). They can be used to count external 
events, time external events, generate nonrepetitive 
waveforms, etc. The third timer is not connected to 
any external pins, and is useful for real-time coding 
and time delay applications. In addition, the third tim- 
er can be used as a prescaler to the other two, or as 
a DMA request source. 


intJ 


Timer Operation 


The timers are controlled by 11 16-bit registers in 
the 
peripheral control block. The configuration of 
these registers is shown in Table 15. The count reg- 
ister contains the current value of the timer. It can be 
read or written at any time independent of whether 
the timer is running or not. The value of this register 
will be incremented for each timer event. Each of the 
timers is equipped with a MAX COUNT register, 
which defines the maximum count the timer will 
reach. After reaching the MAX COUNT register val- 
ue, the timer count value will reset to zero during 
that same clock, Le., the maximum count value is 
never stored in the count register itself. Timers 0 and 
1 are, in addition, equipped with a second MAX 
COUNT register, which enables the timers to alter- 
nate their count between two different MAX COUNT 
values. If a single MAX COUNT register is used, the 
timer output pin will switch LOW for a single clock, 1 
clock after the maximum count value has been 
reached. In the dual MAX COUNT register mode, the 
output pin will indicate which MAX COUNT register 
is currently in use, thus allowing nearly complete 
freedom in selecting waveform duty cycles. For the 
timers with two MAX COUNT registers, the RIU bit in 
the control register determines which is used for the 
comparison. 


Each timer gets serviced every fourth CPU-clock cy- 
cle, and thus can operate at speeds up to one-quar- 
ter the internal clock frequency (one-eighth the crys- 
tal rate). External clocking of the timers may be done 
at up to a rate of one-quarter of the internal CPU- 
clock rate. Due to internal synchronization and pipe- 
lining of the timer circuitry, a timer output may take 
up to 6 clocks to respond to any individual clock or 
gate input. 


Since the count registers and the maximum count 
registers are all 16 bits wide, 16 bits of resolution are 
provided. Any Read or Write access to the timers will 
add one wait state to the minimum four-clock bus 
cycle, however. This is needed to synchronize and 
coordinate the internal data flows between the inter- 
nal timers and the internal bus. 


The timers have several programmable options. 
• All three timers can be set to halt or continue on 
a terminal count. 


• Timers 0 and 1 can select between internal and 
external clocks, alternate between MAX COUNT 
registers and be set to retrigger on external 
events. 
• The timers may be programmed to cause an in- 
terrupt on terminal count. 


These options are selectable via the timer mode/ 
control word. 


The mode/control 
register (see Figure 20) allows 
the user to program the specific mode of operation 
or check the current programmed status for any of 
the three integrated timers. 


Table 15.Timer Control Block Format 


Register Name 
Register Offset 


Tmr.O 
Tmr.1 
Tmr.2 


Mode/Control Word 
56H 
5EH 
66H 
MaxCountB 
54H 
5CH 
not present 
Max Count A 
52H 
5AH 
62H 
Count Register 
50H 
58H 
60H 


The enable bit provides programmer control over 
the timer's RUN/HALT status. When set, the timer is 
enabled to increment subject to the input pin con- 
straints in the internal clock mode (discussed previ- 
ously). When cleared, the timer will be inhibited from 
counting. All input pin transistions during the time EN 
is zero will be ignored. If CaNT is zero, the EN bit is 
automatically cleared upon maximum count. 


The inhibit bit allows for selective updating of the 
enable (EN) bit. If INH is a one during the write to the 
mode/ control word, then the state of the EN bit will 
be modified by the write. If INH is a zero during the 
write, the EN bit will be unaffected by the operation. 
This bit is not stored; it will always be a 0 on a read. 


When set, the INT bit enables interrupts from the 
timer, which will be generated on every terminal 


210 
EXT 
ALT I CONT I 
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count. If the timer is configured in dual MAX COUNT 
register mode, an interrupt will be generated each 
time the value in MAX COUNT register A is reached, 
and each time the value in MAX COUNT register 8 is 
reached. If this enable bit is cleared after the inter- 
rupt request has been generated, but before a pend- 
ing interrupt is serviced, the interrupt request will still 
be in force. (The request is latched in the Interrupt 
Controller). 


The 
Register 
In Use bit 
indicates which 
MAX 


COUNT register is currently being used for compari- 
son to the timer count value. A zero value indicates 
register A. The RIU bit cannot be written, Le., its 
value is not affected when the control register is writ- 
ten. It is always cleared when the ALT bit is zero. 


The Maximum Count bit is set whenever the timer 
reaches its final maximum count value. If the timer is 
configured in dual MAX COUNT register mode, this 
bit will be set each time the value in MAX COUNT 
register A is reached, and each time the value in 
MAX COUNT register 8 is reached. This bit is set 
regardless of the timer's interrupt-enable bit. The 
MC bit gives the user the ability to monitor timer 
status through software instead of through inter- 
rupts. 


Programmer intervention is required to clear this bit. 


Retrigger bit is only active for internal clocking (EXT 
= 0). In this case it determines the control function 
provided by the input pin. 


If RTG = 0, the input level gates the internal clock 
on and off. If the input pin is HIGH, the timer will 
count; if the input pin is LOW, the timer will hold its 
value. As indicated previously, the input signal may 
be asynchronous with respect to the 80C186 clock. 


When RTG = 1, the input pin detects LOW-to-HIGH 
transitions. The first such transition starts the timer 
running, clearing the timer value to zero on the first 
clock, and then incrementing thereafter. Further 
transitions on the input pin will again reset the timer 
to zero, from which it will start counting up again. If 
CaNT = 0, when the timer has reached maximum 
count, the EN bit will be cleared, inhibiting further 
timer activity. 


The prescaler bit is ignored unless internal clocking 
has been selected (EXT = 0). If the P bit is a zero, 
the timer will count at one-fourth the internal CPU 
clock rate. If the P bit is a one, the output of timer 2 
will be used as a clock for the timer. Note that the 
user must initialize and start timer 2 to obtain the 
prescaled clock. 


The external bit selects between internal and exter- 
nal clocking for the timer. The external signal may 
be asynchronous with respect to the 80C186 clock. 


If this bit is set, the timer will count LOW-to-HIGH 
transitions on the input pin. If cleared, it will count an 
internal clock while using the input pin for control. In 
this mode, the function of the external pin is defined 
by the RTG bit. The maximum input to output tran- 
sition latency time may be as much as 6 clocks. 
However, clock inputs may be pipelined as closely 
together as every 4 clocks without losing clock puls- 
es. 


The ALT bit determines which of two MAX COUNT 
registers is used for count comparison. If ALT = 0, 
register A for that timer is always used, while if ALT 
= 1, the comparison will alternate between register 
A and register 8 when each maximum count is 
reached. This alternation allows the user to change 
one MAX COUNT register while the other is being 
used, and thus provides a method of generating 
non-repetitive waveforms. Square waves and pulse 
outputs of any duty cycle are a subset of available 
signals obtained by not changing the final count reg- 
isters. The ALT bit also determines the function of 
the timer output pin. If ALT is zero, the output pin will 
go LOW for one clock, the clock after the maximum 
count is reached. If ALT is one, the output pin will 
reflect the current MAX COUNT register being used 
(Of 1 for BfA). 


Setting the CaNT bit causes the associated timer to 
run continuously, while resetting it causes the timer 
to halt upon maximum count. If CaNT 
= 0 and 


ALT = 1, the timer will count to the MAX COUNT 
register A value, reset, count to the register 8 value, 
reset, and halt. 


Not all mode bits are provided for timer 2. Certain 
bits are hardwired as indicated below: 


inter 


Each of the three timers has a 16-bit count register. 
The contents of this register may be read or written 
by the processor at any time. If the register is written 
while the timer is counting, the new value will take 
effect in the current count cycle. 


The count registers should be programmed before 
attempting to use the timers since they are not auto- 
matically initialized to zero. 


Timers 0 and 1 have two MAX COUNT registers, 
while timer 2 has a single MAX COUNT register. 
These contain the number of events the timer will 
count. In timers 0 and 1, the MAX COUNT register 
used can alternate between the two max count val- 
ues 
whenever 
the 
current 
maximum count 
is 


reached. A timer resets when the timer count regis- 
ter equals the max count value being used. If the 
timer count register or the max count register is 
changed so that the max count is less than the timer 
count, the timer does not immediately reset. Instead, 
the timer counts up to OFFFFH, "wraps around" to 
zero, counts up to the max count value, and then 
resets. 


Upon RESET, the state of the timers will be as fol- 
lows: 


• All EN (Enable) bits are reset preventing timer 


counting. 


• For Timers 0 and 1, the RIU bits are reset to zero 
and the ALT bits are set to one. This results in the 
Timer Out pins going HIGH. 


• The contents of the count registers are indetermi- 
nate. 


The 80C186 can receive interrupts from a number of 
sources, both internal and external. The internal in- 
terrupt controller serves to merge these requests on 
a priority basis, for individual service by the CPU. 


Internal interrupt sources (Timers and DMA chan- 
nels) can be disabled by their own control registers 
or by mask bits within the interrupt controller. The 
80C186 interrupt controller has its own control regis- 
ter that sets the mode of operation for the controller. 


The interrupt controller will resolve priority among 
requests that are pending simultaneously. Nesting is 
provided so interrupt service routines for lower priori- 
ty interrupts may be interrupted by higher priority in- 
terrupts. A block diagram of the interrupt controller is 
shown in Figure 21. 


The 80C186 has a special slave mode in which the 
internal interrupt controller acts as a slave to an ex- 
ternal master. The controller is programmed into this 
mode by setting bit 14 in the peripheral control block 
relocation register. (See Slave Mode section.) 


Five pins are provided for external interrupt sources. 
One of these pins is NMI, the non-maskable inter- 
rupt. NMI is generally used for unusual events such 
as power-fail interrupts. The other four pins may be 
configured in any of the following ways: 
• As four interrupt lines with internally generated 


interrupt vectors. 


• As an interrupt line and interrupt acknowledge 


line pair (Cascade Mode) with externally generat- 
ed interrupt vectors plus two interrupt input lines 
with internally generated vectors. 


• As two pairs of interrupt/interrupt acknowledge 


lines (Cascade Mode) with externally generated 
interrupt vectors. 


External sources in the Cascade Mode use external- 
ly generated interrupt vectors. When an interrupt is 
acknowledged, two INTA cycles are initiated and the 
vector is read into the 80C186 on the second cycle. 
The capability to interface to external 82C59A pro- 
grammable interrupt controllers is provided when 
the inputs are configured in Cascade Mode. 


inter 


Interrupt Controller 
Modes of 
Operation 


The basic modes of operation of the interrupt con- 
troller in master mode are similar to the 82C59A. 
The interrupt controller responds indentically to in- 
ternal interrupts in all three modes: the difference is 
only in the interpretation of function of the four exter- 
nal interrupt pins. The interrupt controller is set into 
one of these three modes by programming the cor- 
rect bits in the INTOand INT1 control registers. The 
modes of interrupt controller operation are as fol- 
lows: 


Fully Nested 
Mode 


When in the fully nested mode four pins are used as 
direct ilJterruptrequests as in Figure 22. The vectors 
for these four inputs are generated internally. An in- 
service bit is provided for every interrupt source. If a 
lower-priority device requests an interrupt while the 
in service bit (IS) is set, no interrupt will be generat- 
ed by the interrupt controller. In addition, if another 
interrupt request occurs from the same interrupt 
source while the in-service bit is set, no interrupt will 
be generated by the interrupt controller. This allows 
interrupt service routines to operate with interrupts 
enabled, yet be ~uspended only by interrupts of 
higher priority than the in-service interrupt. 


When a service routine is completed, the proper IS 
bit must be reset by writing the proper pattern to the 
EOI register. This is required to allow subsequent 
interrupts from this interrupt source and to allow 
servicing of lower-priority interrupts. An EOI com- 


mand is executed at the end of the service routine 
just before the return from interrupt instruction. If the 
fully nested structure has been upheld, the next 
highest-priority source with its IS bit set is then serv- 
iced. 


Cascade 
Mode 


The 80C186 has four interrupt pins and two of them 
have dual functions. In the fully nested mode the 
four pins are used as direct interrupt inputs and the 
corresponding vectors are generated internally. In 
the Cascade Mode, the four pins are configured into 
interrupt input-dedicated acknowledge signal pairs. 
The interconnection is shown in Figure 23. INTO is 
an interrupt input interfaced to an 82C59A, while 
INT2/INTAO serves as the dedicated interrupt ac- 
knowledge signal to that peripheral. The same is 
true for INT1 and INT3/1NTA1. Each pair can selec- 
tively be placed in the Cascade or non-Cascade 
Mode by programming the proper value into INTO 
and INT1 control registers. The use of the dedicated 
acknowledge signals eliminates the need for the use 
of external logic to generate INTA and device select 
signals. 


The primary Cascade Mode allows the capability to 
serve up to 128 external interrupt sources through 
the use of external master and slave 82C59As. 
Three levels of priority are created, requiring priority 
resolution in the 80C186 interrupt controller, the 
master 82C59As, and the slave 82C59As. If an ex- 
ternal interrupt is serviced, one IS bit is set at each 
of these levels. When the interrupt service routine is 
completed, up to three end-of-interrupt commands 
must be issued by the programmer. 
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Figure 22. Fully Nested 
(Direct) 
Mode Interrupt 
Controller 
Connections 


Special 
Fully Nested 
Mode 


This mode is entered by setting the SFNM bit in 
INTO or INT1 control register. It enables complete 
nestability with external 82C59A masters. Normally, 
an interrupt request from an interrupt source will not 
be recognized unless the in-service bit for that 
source is reset. If more than one interrupt source is 
connected to an external interrupt controller, all of 
the interrupts will be funneled through the same 
80C186 interrupt request pin. As a result, if the ex- 
ternal interrupt controller receives a higher-priority 
interrupt, its interrupt will not be recognized by the 
80C186 controller until the 80C186 in-service bit is 
reset. In special fully nested mode, the 80C186 in- 
terrupt controller will allow interrupts from an exter- 
nal pin regardless of the state of the in-service bit for 
an interrupt source in order to allow multiple inter- 
rupts from a single pin. An in-service bit will continue 
to be set, however, to inhibit interrupts from other 
lower-priority 80C186 interrupt sources. 


Special procedures should be followed when reset- 
ting IS bits at the end of interrupt service routines. 
Software polling of the IS register in the external 
master 82C59A is required to determine if there is 
more than one bit set. If so, the IS bit in the 80C186 
remains active and the next interrupt service routine 
is entered. 


The controller may be used in a polled mode if inter- 
rupts are undesirable. When polling, the processor 
disables interrupts and then polls the interrupt con- 
troller whenever it is convenient. Polling the interrupt 
controller is accomplished by reading the Poll Word 
(Figure 32). Bit 15 in the poll word indicates to the 
processor that an interrupt of high enough priority is 
requesting service. Bits 0-4 indicate to the proces- 
sor the type vector of the highest-priority source re- 
questing service. Reading the Poll Word causes the 
In-Service bit of the highest priority source to be set. 


It is desirable to be able to read the Poll Word infor- 
mation without guaranteeing service of any pending 


interrupt, Le., not set the indicated in-service bit. The 
80C186 provides a Poll Status Word in addition to 
the conventional Poll Word to allow this to be done. 
Poll Word information is duplicated in the Poll Status 
Word, but reading the Poll Status Word does not set 
the associated in-service bit. These words are locat- 
ed in two adjacent memory locations in the register 
file. 


Programmable 
Priority 


The user can program the interrupt sources into any 
of eight different priority levels. The programming is 
done by placing a 3-bit priority level (0-7) in the con- 
trol register of each interrupt source. (A source with 
a priority level of 4 has higher priority over all priority 
levels from 5 to 7. Priority registers containing values 
lower than 4 have greater priority). All interrupt 
sources have preprogrammed default priority levels 
(see Table 4). 


If two requests with the same programmed priority 
level are pending at once, the priority ordering 
scheme shown in Table 4 is used. If the serviced 
interrupt routine reenables interrupts, other interrupt 
requests can be serviced. 


End-of-Interrupt 
Command 


The end-of-interrupt (Eol) command is used by the 
programmer to reset the In-Service (IS) bit when an 
interrupt service routine is completed. The Eol com- 
mand is issued by writing the proper pattern to the 
Eol register. There are two types of Eol commands, 
specific and nonspecific. The nonspecific command 
does not specify which IS bit is reset. When issued, 
the interrupt controller automatically resets the IS bit 
of the highest priority source with an active service 
routine. A specific Eol command requires that the 
programmer send the interrupt vector type to the in- 
terrupt controller indicating which source's IS bit is 
to be reset. This command is used when the fully 
nested structure has been disturbed or the highest 
priority IS bit that was set does not belong to the 
serviCeroutine in progress. 


Trigger 
Mode 


The four external interrupt pins can be programmed 
in either edge- or level-trigger mode. The control 
register for each external source has a level-trigger 
mode (LTM) bit. All interrupt inputs are active HIGH. 
In the edge sense mode or the level-trigger mode, 
the interrupt request must remain active (HIGH) until 
the 
interrupt 
request 
is 
acknowledged 
by 
the 


80C186 
CPU. In the edge-sense 
mode, 
if the level 
remains high atter the interrupt 
is acknowledged, 
the 


input is disabled 
and no further 
requests 
will be gen- 
erated. The input level must go LOW for at least one 
clock cycle to reenable 
the input. In the level-trigger 


mode, no such provision 
is made: holding 
the inter- 


rupt input 
HIGH will cause 
continuous 
interrupt 
re- 
quests. 


Interrupt 
Vectoring 


The 80C186 
Interrupt 
Controller 
will generate 
inter- 
rupt vectors 
for the 
integrated 
OMA channels 
and 


the integrated 
Timers. 
In addition, 
the Interrupt 
Con- 
troller will generate 
interrupt 
vectors 
for the external 


interrupt 
lines if they are not configured 
in Cascade 


or Special 
Fully Nested 
Mode. The interrupt 
vectors 


generated 
are fixed and cannot 
be changed 
(see Ta- 


ble 4). 


The 
Interrupt 
Controller 
register 
model 
is shown 
in 


Figure 24. It contains 
15 registers. 
All registers 
can 


both be read or written 
unless specified 
otherwise. 


In-Service 
Register 


This register 
can be read from 
or written 
into. The 


format 
is shown in Figure 25. It contains 
the In-Serv- 


ice bit for each of the interrupt 
sources. 
The In-Serv- 
ice bit is set to indicate 
that a source's 
service 
rou- 


tine is in progress. 
When an In-Service 
bit is set, the 


interrupt 
controller 
will not generate 
interrupts 
to the 


CPU when it receives 
interrupt 
requests 
from devic- 


es with a lower programmed 
priority 
level. The TMR 


bit is the 
In-Service 
bit for all three 
timers; 
the 
DO 


and 01 bits are the In-Service 
bits for the two OMA 


channels; 
the 
10-13 are the 
In-Service 
bits for the 


external 
interrupt 
pins. The 
IS bit is set when 
the 


--- 
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processor 
acknowledges 
an interrupt 
request 
either 


by an interrupt 
acknowledge 
or by reading 
the poll 


register. The IS bit is reset at the end of the interrupt 
service 
routine 
by an end-of-interrupt 
command. 


Interrupt 
Request 
Register 


The internal 
interrupt 
sources 
have interrupt 
request 


bits inside the interrupt 
controller. 
The format 
of this 


register is shown in Figure 25. A read from this regis- 
ter yields the status of these bits. The TMR bit is the 
logical OR of all timer interrupt 
requests. 
DO and 01 


are the interrupt 
request 
bits for the OMA channels. 


The state of the external 
interrupt 
input pins is also 


indicated. 
The state of the external 
interrupt 
pins is 


not a stored condition 
inside the interrupt 
controller, 


therefore 
the external 
interrupt 
bits cannot 
be writ- 


ten. The external 
interrupt 
request 
bits are set when 


an interrupt 
request 
is given to the interrupt 
control- 


ler, so if edge-triggered 
mode is selected, 
the bit in 


the register will be HIGH only atteran 
inactive-to-ac- 


tive transition. 
For internal 
interrupt 
sources, 
the reg- 


ister bits are set when a request 
arrives 
and are re- 


set when the processor 
acknowledges 
the requests. 


Writes to the interrupt 
request 
register 
will affect the 


DO and 01 interrupt 
request 
bits. Setting 
either 
bit 


will cause the corresponding 
interrupt 
request 
while 


clearing 
either bit will remove 
the corresponding 
in- 


terrupt request. All other bits in the register are read- 
only. 


Mask Register 


This is a 16-bit register 
that contains 
a mask bit for 


each interrupt 
source. 
The format 
for this register 
is 


shown 
in Figure 
25. A one 
in a bit position 
corre- 
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Figure 23. Cascade 
and Special Fully Nested 
Mode Interrupt 
Controller 
Connections 
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sponding to a particular source masks the source 
from generating interrupts. These mask bits are the 
exact same bits which are used in the individual con- 
trol registers; programming a mask bit using the 
mask register will also change this bit in the individu- 
al control registers, and vice versa. 
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Figure 24. Interrupt Controller Registers 
(Master Mode) 
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Priority Mask Register 


This register masks all interrupts below a particular 
interrupt priority level. The format of this register is 
shown in Figure 26. The code in the lower three bits 
of this register inhibits interrupts of priority lower (a 
higher priority number) than the code specified. For 
example, 100 written into this register masks inter- 
rupts of level five (101), six (110), and seven (111). 
The register is reset to seven (111) upon RESET so 
no interrupts are masked due to priority number. 


Interrupt Status Register 


This register contains general interrupt controller 
status information. The format of this register is 
shown in Figure 27. The bits in the status register 
have the following functions: 
DHLT: DMA Halt Transfer; setting this bit halts all 


DMA transfers. It is automatically set when- 
ever a non-maskable interrupt occurs, and it 
is reset when an IRET instruction is execut- 
ed. This bit allows prompt service of all non- 
maskable interrupts. This bit may also be set 
by the programmer. 


IRTx: These three bits represent the individual tim- 


er interrupt request bits. These bits differenti- 
ate between timer interrupts, since the timer 
IR bit in the interrupt request register is the 
"OR" function of all timer interrupt request. 
Note that setting anyone of these three bits 
initiates an interrupt request to the interrupt 
controller. 
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Figure 26. Priority Mask Register Format 
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Figure 27. Interrupt Status Register Format (Master Mode) 


inter 


15 
14 
4 
3 
2 
1 
0 
0 
0 I · 
0 
I MSK I PR2 I PR1 I PRO I 


Figure 
28. Tlmer/DMA 
Control 
Registers 
Formats 
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Figure 
29. INTOIINT1 
Control 
Register 
Formats 
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Figure 
30. INT2/INT3 
Control 
Register 
Formats 


Timer, 
DMA 0,1; 
Control 
Register 


These 
registers 
are the control 
words for all the in- 
ternal 
interrupt 
sources. 
The format 
for these 
regis- 
ters 
is shown 
in Figure 
28. The three 
bit positions 
PRO, PR1, and PR2 represent 
the programmable 
pri- 
ority level of the interrupt 
source. The MSK bit inhib- 
its interrupt 
requests 
from the interrupt 
source. 
The 
MSK bits in the individual 
control 
registers 
are the 
exact same bits as are in the Mask Register; 
modify- 
ing them 
in the individual 
control 
registers 
will also 
modify them in the Mask Register, 
and vice versa. 


INTo-INT3 
Control 
Registers 


These 
registers 
are the 'control 
words 
for the four 
external 
input 
pins. 
Figure 
29 shows 
the format 
of 
the 
INTO and 
INT1 
Control 
registers; 
Figure 
30 
shows the format 
of the INT2 and INT3 Control 
reg- 
isters. 
In 
cascade 
mode 
or 
special 
fully 
nested 
mode, the control 
words for INT2 and INT3 are not 
used. 


The bits in the various control 
registers 
are encoded 
as follows: 


PRO-2: 
Priority 
programming 
information. 
Highest 
Priority = 000, Lowest 
Priority = 111 


LTM: 
Level-trigger 
mode bit. 1 = level-triggered; 
o = edge-triggered. 
Interrupt 
Input 
levels 
are active high. In level-triggered 
mode, an 
interrupt 
is generated 
whenever 
the exter- 
nal line is high. In edge-triggered 
mode, an 
interrupt 
will be generated 
only when 
this 


MSK: 


C: 


level 
is preceded 
by an inactive-to-active 
transition 
on the 
line. 
In both 
cases, 
the 
level must remain 
active 
until the interrupt 
is acknowledged. 


Mask bit, 1 = mask; 0 = non-mask. 


Cascade 
mode bit, 1 = cascade; 
0 = di- 
rect 


Special 
fully nested 
mode bit, 1 = SFNM 


EOI Register 


The end of the interrupt 
register 
is a command 
regis- 
ter which can only be written 
into. The format 
of this 
register 
is shown 
in Figure 
31. 
It initiates 
an 
EOI 
command 
when written 
to by the 80C186 
CPU. 


The bits in the EOI register 
are encoded 
as follows: 


Sx: 
Encoded 
information 
that 
specifies 
an in- 


terrupt 
source 
vector 
type as shown 
in Ta- 
ble 4. For example, 
to reset the In-Service 
bit for DMA channel 
0, these bits should be 
set to 01010, since the vector type for DMA 
channel 
0 is 10. 


NOTE: 


To reset the single In-Service 
bit for any of 
the three timers, the vector type for timer 0 
(8) should 
be written 
in this register. 


NSPEC/: 
A bit that determines 
the type of EOI com- 


SPEC 
mand. Nonspecific 
= 1, Specific 
= O. 


These registers contain polling information. The for- 
mat of these registers is shown in Figure 32. They 
can only be read. Reading the Poll register consti- 
tutes a software poll. This will set the IS bit of the 
highest priority pending interrupt. Reading the poll 
status register will not set the IS bit of the highest 
priority pending interrupt; only the status of pending 
interrupts will be provided. 


Encoding of the Poll and Poll Status register bits are 
as follows: 
Sx: 
Encoded information that indicates the 
vector type of the highest priority inter- 
rupting source. Valid only when INTREQ 
= 1. 
INTREQ: This bit determines if an interrupt request 


is present. Interrupt Request = 1; no In- 
terrupt Request = O. 


When slave mode is used, the internal 80C186 inter- 
rupt controller will be used as a slave controller to an 
external master interrupt controller. The internal 
80C186 resources will be monitored by the internal 
interrupt controller, 
while the external controller 


functions as the system master interrupt controller. 
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provide for slave mode operation bit 14 of the relo- 
cation register should be set. 


Because of pin limitations caused by the need to 
interface to an external 82C59A master, the internal 
interrupt controller will no longer accept external in- 
puts. There are however, enough 80C186 interrupt 
controller inputs (internally) to dedicate one to each 
timer. In this mode, each timer interrupt source has 
its own mask bit, IS bit, and control word. 


In slave mode each peripheral must be assigned a 
unique priority to ensure proper interrupt controller 
operation. Therefore, it is the programmer's respon- 
sibility to assign correct priorities and initialize inter- 
rupt control registers before enabling interrupts. 


The configuration of the 80C186 with respect to an 
external 82C59A master is shown in Figure 33. The 
INTO(Pin 45) input is used as the 80C186 CPU inter- 
rupt input. INT3 (Pin 41) functions as an output to 
send the 80C186 slave-interrupt-request to one of 
the 8 master-PIC-inputs. 
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_INTERRUPT 
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CASCADE 
ADDRESS 
DECODER 


Correct master-slave interface requires decoding of 
the slave addresses (CASO-2).Slave 82C59As do 
this 
internally. 
Because 
of 
pin 
limitations, 
the 
80C186 slave address will have to be decoded ex- 
ternally. INT1 (Pin 44) is used as a slave-select in- 
put. Note that the slave vector address is transferred 
internally, but the READY input must be supplied ex- 
ternally. 


INT2 (Pin 42) is used as an acknowledge output, 
suitable to drive the INTA input of an 82C59A. 


Slave mode operation allows nesting of interrupt re- 
quests. When an interrupt is acknowledged, the pri- 
ority logic masks off all priority levels except those 
with equal or higher priority. 


Vector generation in slave mode is exactly like that 
of an 82C59A slave. The interrupt controller gener- 
ates an 8-bit vector which the CPU multiplies by four 
and uses as an address into a vector table. The sig- 
nificant five bits of the vector are user-programma- 
ble while the lower three bits are generated by the 
priority logic. These bits represent the encoding of 
the priority level requesting service. The significant 
five bits of the vector are programmed by writing to 
the Interrupt Vector register at offset 20H. 


In slave mode the specific EOI command operates 
to reset an in-service bit of a specific priority. The 
user supplies a 3-bit priority-level value that points to 
an in-service bit to be reset. The command is exe- 
cuted by writing the correct value in the Specific EOI 
register at offset 22H. 


Interrupt Controller 
Registers 
in the Slave Mode 


All control and command registers are located inside 
the internal peripheral control 
block. 
Figure 34 
shows the offsets of these registers. 


End-of-Interrupt 
Register 


The end-of-interrupt register is a command register 
which can only be written. The format of this register 
is shown in Figure 35. It initiates an EOI command 
when written by the 80C186 CPU. 


The bits in the EOI register are encoded as follows: 
L~: 
Encoded value indicating the priority of the IS 
bit to be reset. 


intJ 
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Figure 35. Specific EOI Register Format 


15 
14 
13 
8 
7 
6 
5 
4 
3 
2 
1 
0 
0 
0 
0 
I . 
. I 
0 
0 
0 
ITMR21TMR11 
01 
DO 
0 
ITMROI 


Figure 36. In-Service, Interrupt Request, and Mask Register Format 


In-Service Register 


This register can be read from or written into. It con· 
tains the in·service bit for each of the internal inter· 
rupt sources. The format for this register is shown in 
Figure 36. Bit positions 2 and 3 correspond to the 
DMA channels; positions 0, 4, and 5 correspond to 
the integral timers. The source's IS bit is set when 
the processor acknowledges its interrupt request. 


Interrupt 
Request Register 


This register indicates which internal peripherals 
have interrupt requests pending. The format of this 
register is shown in Figure 36. The interrupt request 
bits are set when a request arrives from an internal 
source, and are reset when the processor acknowl· 
edges the request. As in master mode, DOand D1 
are read/write; all other bits are read only. 


Mask Register 


The register contains a mask bit for each interrupt 
source. The format for this register is shown in Fig· 
ure 36. If the bit in this register corresponding to a 
particular interrupt source is set, any interrupts from 
that source will be masked. These mask bits are ex· 
actly the same bits which are used in the individual 
control registers, Le., changing the state of a mask 
bit in this register will also change the state of the 
mask bit in the individual interrupt control register 
corresponding to the bit. 


Control Registers 


These registers are the control words for all the in· 
ternal interrupt sources. The format of these regis· 
ters is shown in Figure 37. Each of the timers and 
both of the DMA channels have their own Control 
Register. 


The bits of the Control Registers are encoded as 
follows: 
prx: 
3·bit encoded field indicating a priority level 
for the source; note that each source must be 
progr!immed at specified levels. 


msk: mask bit for the priority level indicated by prx 


bits. 
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Figure 34. Interrupt Controller Registers 


(Slave Mode) 
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Figure 37. Control 
Word Format 
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Figure 38. Interrupt 
Vector 
Register 
Format 
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Figure 39. Priority 
Level Mask Register 


Interrupt 
Vector 
Register 


This register provides the upper five bits of the inter- 
rupt vector address. The format of this register is 
shown in Figure 38. The interrupt controller itself 
provides the lower three bits of the interrupt vector 
as determined by the priority level of the interrupt 
request. 


The format of the bits in this register is: 
tx: 
5-bit field indicating the upper five bits of the 
vector address. 


Priority-Level 
Mask Register 


This register indicates the lowest priority-level inter- 
rupt which will be serviced. 


The encoding of the bits in this register is: 
mx: 
3-bit encoded field indication priority-level val- 
ue. All levels of lower priority will be masked. 


Interrupt 
Status 
Register 


This register is defined as in master mode except 
that DHLT is not implemented (see Figure 27). 


Upon RESET, the interrupt controller will perform 
the following actions: 
• All SFNM bits reset to 0, implying Fully Nested 


Mode. 
• All PR bits in the various control registers set to 1. 


This places all sources at lowest priority (level 
111). 
• All LTM bits reset to 0, resulting in edge-sense 


mode. 


• All Interrupt Service bits reset to O. 
• All Interrupt Request bits reset to O. 
• All MSK (Interrupt Mask) bits set to 1 (mask). 
• All C (Cascade) bits reset to 0 (non-cascade). 
• All PRM (Priority Mask) bits set to 1, implying no 


levels masked. 


• Initialized to master mode. 


Enhanced Mode Operation 


In Compatible Mode the 80C186 operates with all 
the features of the NMOS 80186, with the exception 
of 8087 support (Le. no numeric coprocessing is 
possible in Compatible Mode). Queue-Status infor- 
mation is still available for design purposes other 
than 8087 support. 


All the Enhanced Mode features are completely 
masked when in Compatible Mode. A write to any of 
the Enhanced Mode registers will have no effect, 
while a read will not return any valid data. 


In Enhanced Mode, the aOC186 will operate with 
Power-Save, DRAM refresh, and numerics coproc- 
essor support in addition to all the Compatible Mode 
features. 


If connected to a numerics coprocessor, this mode 
will be invoked automatically. Without a NPX, this 
mode can be entered by tying the RESET output 
signal from the 80C186 to the TESTIBUSY input. 


The queue-status mode is entered by strapping the 
RD pin low. RD is sampled at RESET and if LOW, 
the 80C186 will reconfigure the ALE and WR pins to 
be QSO and QS1 respectively. This mode is avail- 
able on the 80C186 in both Compatible and En- 
hanced Modes. 


DRAM Refresh Control Unit 
Description 


The Refresh Control Unit (RCU) automatically gen- 
erates DRAM refresh bus cycles. The RCU operates 
only in Enhanced Mode. After a programmable peri- 
od of time, the RCU generates a memory read re- 
quest to the BIU. If the address generated during a 
refresh bus cycle is within the range of a properly 
programmed chip select, that chip select will be acti- 
vated when the BIU executes the refresh bus cycle. 
The ready logic and wait states programmed for that 
region will also be in force. If no chip select is acti- 
vated, then ex1ernalready is automatically required 
to terminate the refresh bus cycle. 


If the HLDA pin is active when a DRAM refresh reo 
quest is generated (indicating a bus hold condition), 
then the 80C186 will deactivate the HLDA pin in or- 
der to perform a refresh cycle. The circuit ex1ernalto 
the 80C186 must remove the HOLD signal in order 
to execute the refresh cycle. The sequence of HLDA 
going inactive while HOLD is being held active can 
be used to signal a pending refresh request. 


All registers controlling DRAM refresh may be read 
and written in Enhanced Mode. When the processor 
is operating in Compatible Mode, they are deselect- 
ed and are therefore inaccessible. Some fields of 
these registers cannot be written and are always 
read as zeros. 


The address generated during a refresh cycle is de- 
termined by the contents of the MDRAM register 
(see Figure 40) and the contents of a 9-bit counter. 
Figure 41 illustrates the origin of each bit. 


Bits 0-8: 
Reserved, read back as O. 
Bits 9-15: 
MO-M6, are address bits A13-A 19 of the 20-bit memory refresh address. These bits should 
correspond to the chip select address to be activated for the DRAM partition. These bits are 
set to 0 on RESET. 


A19 
A18 
A17 
A1S 
A1S 
A14 
A13 
A12 
A11 
A10 
A9 
A8 
A7 
AS 
AS 
A4 
A3 
A2 
A1 
AO 
I Me I M5 I M4 I M3 I M2 I M1 I Me I 
e I 
e I 
e I CA8 I CA7 I CA6 I CA5 I CA4 I CA31 
CA2 I CA1 I CAe I 
1 


M6-MO: 
Bits defined 
by MDRAM 
Register 


CA8-CAO: 
Bits defined 
by refresh 
address 
counter. 
Note, 
these 
bits do not directly 
follow 
a binary 
count. 
Rather 
they 
are implemented 
using a Linear/Feedback 
shift register. 


inter 


Bits 0-8: 
CO-C8, clock divisor register, holds the number of CLKOUT cycles between each refresh 
request. 


Bits 9-~ 5: 
Reserved, read back as O. 


Figure 42. Clock Pre-Scaler 
Register 


Bits 0-8: 
Bits 9-14: 
Bit 15: 


TO-T8, refresh clock counter outputs. Read only. 
Reserved, read back as O. 
Enable RCU, set to 0 on RESET. 


Figure 43. Enable RCU Register 


Refresh Control Unit Programming 
and 


Operation 


After programming the MORAM and the CORAM 
registers (Figures 40 and 42), the RCU is enabled by 
setting the "E" bit in the EORAM register (Figure 
43). The clock counter (TO-T8 of EORAM) will be 
loaded from CO-C8 of CORAM during T3 of instruc- 
tion cycle that sets the "E" bit. The clock counter is 
then decremented at each subsequent CLKOUT. 


A refresh is requested when the value of the counter 
has reached 1 and the counter is reloaded from 
CORAM. In order to avoid missing refresh requests, 
the value in the CORAM register should always be at 
least 18 (12H). Clearing the "E" bit at anytime will 
clear the counter and stop refresh requests, but will 
not reset the refresh address counter. 


Power Save Operation 


The 80C186, when in Enhanced Mode, can enter a 
power saving state by internally dividing the clock-in 
frequency by a programmable factor. This divided 


frequency is also available at the CLKOUT pin. The 
POCON register contains the two-bit fields for se- 
lecting the clock division factor and the enable bit. 


All internal logic, including the Refresh Control Unit 
and the timers, will have their clocks slowed down 
by the division factor. To maintain a real time count 
or a fixed ORAM refresh rate, these peripherals must 
be re-programmed when entering and leaving the 
power-save mode. 


The power-save mode is exited whenever an inter- 
rupt is processed by automatically resetting the en- 
able bit. If the.power-save mode is to be re-entered 
after serving the interrupt, the enable bit will need to 
be set in software before returning from the interrupt 
routine. 


The internal clocks of the 80C186 will begin to be 
divided during the T3 state of the instruction cycle 
that sets the enable bit. Clearing the enable bit will 
restore full speed in the T3 state of that instruction. 


At no time should the internal clock frequency be 
allowed to fall below 0.5 MHz. This is the minimum 
operational frequency of the 80C186. For example, 
an 80C186 running with a 12 MHz crystal (6 MHz 
CLOCKOUT) should never have a clock divisor 
greater than eight. 
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Clock Divisor Select 
F1 
FO 
Division Factor 
o 
0 
divide by 1 
o 
1 
divide by 4 
1 
0 
divide by 8 
1 
1 
divide by 16 
Reserved, read back as zero. 
Enable Power Save Mode. Set to zero on RESET. 


Figure 44. Power-Save 
Control 
Register 


Bits 2-14: 
Bit 15: 


Interface 
for 80C187 
Numeric 


Processor 
Extension 


In Enhanced Mode, three of the mid-range memory 
chip selects are redefined according to Table 16 for 
use with the 80C187. The fourth chip select, MCS2 
functions as in compatible mode, and may be pro- 
grammed for activity with ready logic and wait states 
accordingly. As in compatible mode, MCS2 will func- 
tion for one-fourth a programmed block size. 


Compatible 
Enhanced 
Mode 
Mode 


MCSO 
PEREQ Processor Extension Request 
MCS1 
ERROR NPX Error 
MCS2 
MCS2 
Mid-Range Chip Select 
MCS3 
NPS 
Numeric Processor Select 


Four port addresses are assigned to the 80C186/ 
80C187 interface for 16-bit reads and writes. Table 
17 shows the port definitions. These ports are not 
accessible by using the 80C186 I/O instructions. 
However, numerics operations will cause a PCS line 
to be activated if it is properly programmed for this 
I/O range. 


Table 17. Numerics 
Coprocessor 
I/O Port 


Assignments 


I/O Address 
Read Definition 
Write Definition 


OOF8H 
Status/Control 
Opcode 


OOFAH 
Data 
Data 
OOFCH 
reserved 
CS:IP,DS:EA 


OOFEH 
Opcode Status 
reserved 


To facilitate testing and inspection of devices when 
fixed into a target system, the 80C186 has a test 
mode available which allows all pins to be placed in 
a high-impedance state. ONCE stands for "ON Cir- 
cuit Emulation". When placed in this mode, the 
80C186 will put all pins in the high-impedance state 
until RESET. 


The ONCE mode is selected by tying the UCS and 
the LCS LOW during RESET. These pins are sam- 
pled on the low-to-high transition of the RES pin. 
The UCS and the LCS pins have weak internal pull- 
up resistors similar to the RD and TEST/BUSY pins 
to guarantee normal operation. 
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Ambient 
Temperature 
under Bias 
.... 
O°C to + 70°C 


Storage Temperature 
- 65°C to + 150°C 


Voltage 
on Any Pin with 
Respect to Ground 
-1.0V 
to + 7.0V 


Package 
Power Dissipation 
1W 


Not to exceed 
the maximum 
allowable 
die tempera- 


ture based on thermal 
resistance 
of the package. 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE: Specifications contained within the 
following tables are subject to change. 


ADVANCE 
INFORMATION-SEE 
INTEL FOR DESIGN-IN 
INFORMATION 


D.C. CHARACTERISTICS 
TA = O°C to + 70°C, Vcc = 5V ±10% 
except 
Vcc = 5V ± 5% at f > 12.5 MHz 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


VIL 
Input Low Voltage 
-0.5 
0.2Vcc 
- 
0.3 
V 


VIH 
Input High VOlt~ 
0.2 Vcc + 0.9 
Vcc + 0.5 
V 
(All except 
X1, RE 
, 


ARDY, and SRDY) 


VIH1. 
Input High Voltage 
(RES) 
3.0 
Vcc + 0.5 
V 


VIH2 
Input High Voltage 
0.2Vcc 
+ 1.1 
Vcc + 0.5 
V 
(SRDY, ARDY) 


VCLl 
Clock Input Low Voltage 
(X1) 
-0.5 
0.6 
V 


VCHI 
Clock Input High Voltage 
(X1) 
3.9 
Vcc + 0.5 
V 


VOL 
Output Low Voltage 
0.45 
V 
IOL = 2.5 mA (SO, 1, 2) 
IOL = 2.0 mA (others) 


VOH 
Output 
High Voltage 
2.4 
Vcc 
V 
IOH = -2.4 
mA @ 2.4V (4) 


0.8 Vcc 
Vcc 
V 
IOH = - 200 IJoA@ 0.8 Vcc (4) 


Icc 
Power Supply Current 
180 
mA 
@ 16 MHz, O°C 
Vcc = 5.25V (3) 


150 
mA 
@ 12.5 MHz, O°C 
Vcc = 5.5V (3) 


120 
mA 
@ 10 MHz, O°C 
Vcc = 5.5V (3) 


III 
Input Leakage Current 
±10 
IJoA 
@0.5MHz, 
0.45V ,.;;VIN ,.;;Vcc 


ILO 
Output Leakage Current 
±10 
IJoA 
@ 0.5 MHz, 
0.45V ,.;;VOUT ,.;;Vcc(1) 


VCLO 
Clock Output Low 
0.5 
V 
ICLO = 4.0mA 


VCHO 
Clock Output High 
0.8 Vcc 
V 
ICHO = - 500 IJoA 


CIN 
Input Capacitance 
10 
pF 
@ 1 MHz(2) 


CIO 
I/O Capacitance 
20 
pF 
@ 1 MHz(2) 


NOTES: 
1. Pins being floated during HOLD or by invoking the ONCE Mode. 
2. Characterization conditions are a) Frequency = 1 MHz; b) Unmeasured pins at GND; c) VIN at + 5.0V or O.45V.This 
parameter is not tested. 
3. Current is measured with the device in RESET with X1 and X2 driven and all other non-power pins open. 
4. RD/QgM[j, iJCS, LCS, MSCO/PEREQ, MCS1/ERROR, and TEST/BUSY pins have internal pullup devices that are active 
at RESET. Excessive loading on these pins can cause the 80C186 to go into undesired modes of operation (e.g., Queue 
Status, ONCE) upon RESET. 


Current is linearly proportional to clock frequency 
and is measured with the device in RESET with X1 
and X2 driven and all other non-power pins open. 


Maximum current is indicated in the D.C. Character- 
istics. 


Typical current is given by Ice (typical) = 6.4 mA x 
freq. (MHz) + 4.0 mA. "Typicals" are based on a 
limited number of samples taken from early manu- 
facturing lots measured at Vee = 5V and room tem- 
perature. "Typicals" are not guaranteed. 


Clock Frequency 
(t.4Hz) 
270354-29 


Figure 46. lee (typical) va Frequency 
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PIN TIMINGS 
ADVANCE 
INFORMATION-SEE 
INTEL FOR DESIGN-IN 
INFORMATION 


A.C. CHARACTERISTICS, 
TA = O·C to +70·C, 
VCC = 5V ±10% 
except 
VCC = 5V ±5% 
at f > 12.5 MHz 


All timings 
are measured 
at 1.5V and 100 pF loading 
on CLKOUT 
unless otherwise 
noted. 


All output test conditions 
are with CL = 50-200 
pF (10 MHz) and CL = 50-100 
pF (12.5-16 
MHz). 
For A.C. tests, input VIL = 0.45V and VIH = 2.4V except 
at X1 where VIH = VCC - 
0.5V 


Symbol 
Parameter 
8OC186 
8OC186-12 
I 
8OC186-16 
I Unit 
Test 


Mln 
Max 
Mln 
Max I 
Mln 
Max I 
Conditions 


80C186 
TIMING 
REQUIREMENTS 


TDVCL 
Data In Setup (AID) 
15 
15 
10 
ns 


TCLDX 
Data In Hold (AID) 
5 
5 
5 
ns 


TARYCH 
ARDY Resolution 
Transition 
15 
15 
15 
ns 


Setup Time(1) 


TARYLCL 
Asynchronous 
Ready (ARDY) 
25 
25 
25 
ns 


Setup Time 


TCLARX 
ARDY Active 
Hold Time 
15 
15 
15 
ns 


TARYCHL 
ARDY 
Inactive 
15 
15 
15 
ns 
Hold Time 


TSRYCL 
Synchronous 
Ready 
15 
15 
15 
ns 
(SRDY) Transition 
Setup Time (2) 


TCLSRY 
SRDY Transition 
15 
15 
15 
ns 


Hold Time (2) 


THVCL 
HOLD Setup(1) 
15 
15 
15 
ns 


TINVCH 
INTR, NMI, TEST, TMR IN 
15 
15 
15 
ns 


Setup Time(1) 


TINVCL 
DRQO, DRQ1, RES, Setup 
15 
15 
15 
ns 


Time(1) 


80C186 
MASTER 
INTERFACE 
TIMING 
RESPONSES 


TCLAV 
Address 
Valid Delay 
5 
50 
5 
36 
5 
33 
ns 
CL =50pF 


TCLAX 
Address 
Hold 
0 
0 
0 
ns 
-200pFall 


TCLAZ 
Address 
Float Delay 
TCLAX 
30 
TCLAX 
25 
TCLAX 
20 


outputs 
ns 
(except 
TCHCZ 
Command 
Lines 
40 
33 
28 
ns 
TCLTMV) @ 
Float Delay 
10MHz 


TCHCV 
Command 
Lines Valid 
45 
37 
32 
ns 


Delay (after Float) 


TLHLL 
ALE Width (min) 
TCLCL - 
30 
TCLCL - 
30 
TCLCL - 
30 
ns 
CL =50pF 


TCHLH 
ALE Active 
Delay 
30 
25 
20 
ns 
-100 
pF all 


TCHLL 
ALE Inactive 
Delay 
30 
25 
20 
outputs 
ns 
@ 12.5& 


TLLAX 
Address 
Hold to 
TCHCL - 
20 
TCHCL - 
15 
TCHCL - 
15 
ns 
16MHz 


ALE Inactive 
(min) 


TCLDV 
Data Valid Delay 
5 
40 
5 
36 
5 
33 
ns 


TCLDOX 
Data Hold Time 
3 
3 
3 
ns 


TWHDX 
Data Hold after WR (min) 
TCLCL - 
34 
TCLCL - 
20 
TCLCL - 
20 
ns 


TcVCTV 
Control 
Active 
Delay 1 
3 
56 
3 
47 
3 
31 
ns 


TCHCTV 
Control 
Active 
Delay 2 
5 
44 
5 
37 
5 
31 
ns 


TCVCTX 
Control 
Inactive 
Delay 
3 
44 
3 
37 
3 
31 
ns 


TCVDEX 
DEN Inactive 
Delay 
5 
56 
5 
47 
5 
35 
ns 
(Non-Write 
Cycle) 


NOTE: 
1. To guarantee 
recognition 
at next clock. 
2. To guarantee 
proper 
operation. 
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A.C. CHARACTERISTICS 


TA = O°C to + 70°C, VCC = 5V ±10% 
except 
VCC = 5V ±5% 
at f > 12.5 MHz 


All timings 
are measured 
at 1.5V and 100 pF loading 
on CLKOUT 
unless otherwise 
noted. 
All output test conditions 
are with CL = 50-200 
pF (10 MHz) and CL = 50-100 
pF (12.5-16 
MHz). 
For A.C. tests. input VIL = 0.45V and VIH = 2.4V except 
at X1 where VIH = VCC - 
0.5V 


Symbol 
Parameter 
I 
80C186 
80C186-12 
80C186-16 
Unit 
Test 


Mln 
Max 
Mln 
Max 
Mln 
Max 
Conditions 


8OC186 MASTER 
INTERFACE 
TIMING 
RESPONSES 
(Continued) 


TAZRL 
Address 
Float to 
0 
0 
0 
ns 
CL = 50-200 
pF 


RDActive 
all outputs 


TCLRL 
RD Active 
Delay 
5 
44 
5 
37 
5 
31 
ns 
(except 
TCLTMV) 
@ 10MHz 
TCLRH 
RD Inactive 
Delay 
5 
44 
5 
37 
5 
31 
ns 


TRHAV 
RD Inactive to 
TCLCL - 
40 
TCLCL - 
20 
TCLCL - 
20 
ns 
CL = 50-100 
pF 


Address 
Active 
all outputs@ 


(min) 
12.5 & 16 MHz 


TCLHAV 
HLDA Valid Delay 
3 
40 
3 
33 
3 
25 
ns 


TRLRH 
RD Pulse Width 
2TCLCL - 
46 
2TCLCL - 
40 
2TCLCL - 
30 
ns 
(min) 


TWLWH 
WR Pulse Width 
2TCLCL - 
34 
2TCLCL - 
30 
2TCLCL - 
25 
ns 


(min) 


TAVLL 
Address 
Valid to 
TCLCH - 
19 
TCLCH - 
15 
TCLCH - 
15 
ns 
Equal 


ALE Low (min) 
Loading 


TCHSV 
Status Active 
5 
45 
5 
35 
5 
31 
ns 


Delay 


TCLSH 
Status 
Inactive 
5 
50 
5 
35 
5 
30 
ns 
Delay 


TCLTMV 
Timer Output 
Delay 
48 
40 
30 
ns 
100pF 
max 
@ 10 MHz 


TCLRO 
Reset Delay 
48 
40 
30 
ns 
CL = 50-200 
pF 


TCHQSV 
Queue Status 
28 
28 
25 
ns 
All outputs 


Delay 
(except 
TCLTMV) 
@10MHz 
TCHDX 
Status 
Hold Time 
5 
5 
5 
ns 


TAVCH 
Address 
Valid to 
0 
0 
0 
ns 
CL = 50-100 
pF 


Clock High 
All outputs@ 


TCLLV 
LOCK Valid/Invalid 
:3 
45 
3 
40 
3 
35 
ns 
12.5 & 16 MHz 


Delay 


TDXDL 
DEN Inactive 
to 
0 
0 
0 
ns 
Equal 


DT/RLow 
Loading 


80C186 
CHIP-SELECT 
TIMING 
RESPONSES 


TCLCSV 
Chip-Select 
45 
33 
30 
ns 
Active 
Delay 


Tcxcsx 
Chip-Select 
TCLCH - 
10 
TCLCH - 
10 
TCLCH - 
10 
ns 
Equal 


Hold from 
Loading 


Command 
Inactive 


TCHCSX 
Chip-Select 
5 
32 
5 
28 
5 
23 
ns 
Inactive 
Delay 


All timings 
are measured 
at 1.5V and 100 pF loading on CLKOUT 
unless otherwise 
noted. 
All output test conditions 
are with CL = 50-200 
pF (10 MHz) and CL = 50-100 
pF (12.5-16 
MHz). 
For A.C. tests, input VIL = 0.45V and VIH = 2.4V except 
at X1 where VIH = VCC - 
0.5V 


Symbol 
Parameter 
8OC186 
80C186-12 
80C186-16 
Unit 
Test 


Mln 
Max 
Mln 
Max 
Mln 
Max 
Conditions 


80C186 
CLKIN 
REQUIREMENTS 
Measurements 
taken with following 
conditions: 
External 
clock input to Xl and X2 not 


connected 
(float) 


TCKIN 
CLKIN Period 
50 
1000 
40 
1000 
31.25 
1000 
ns 


TCKHL 
CLKIN Fall Time 
5 
5 
5 
ns 
3.5 to 1.0V 


TCKLH 
CLKIN Rise Time 
5 
5 
5 
ns 
1.0 t03.5V 


TCLCK 
CLKIN 
Low Time 
20 
16 
13 
ns 
1.5V(2) 


TCHCK 
CLKIN 
High Time 
20 
16 
13 
ns 
1.5V(2) 


80C186 
CLKOUT 
TIMING 
200 pF load maximum 
for 10 MHz or less, 100 pF load maximum 
above 
10 MHz 


TCICO 
CLKINto 
25 
21 
17 
ns 
CLKOUTSkew 


TCLCL 
CLKOUT 
Period 
100 
2000 
80 
2000 
62.5 
2000 
ns 


TCLCH 
CLKOUT 
0.5 TCLCL -8 
0.5 TCLCL -7 
0.5 TCLCL-7 
ns 
CL = 100 pF (2) 


Low Time (min) 
0.5 TCLCL -6 
0.5 TCLCL -5 
0.5 TCLCL -5 
ns 
CL = 50 pF (3) 


TCHCL 
CLKOUT 
0.5 TCLCL-8 
0.5 TCLCL -7 
0.5 TCLCL-7 
ns 
CL = 100 pF (4) 


High Time (min) 
0.5 TCLCL-6 
0.5 TCLCL-5 
0.5 TCLCL -5 
ns 
CL = 50 pF (3) 


TCH1CH2 
CLKOUT 
10 
10 
8 
ns 
1.0 to 3.5V 


Rise Time 


TCL2CL1 
CLKOUT 
10 
10 
8 
ns 
3.5 to 1.0V 


Fall Time 


NOTES: 
1. TCLCK and TCHCK (CLKIN 
Low and High times) 
should 
not have a duration 
less than 40% 
of TCKIN. 
2. Tested 
under worst 
case conditions: 
Vcc = 5.5V (5.25V 
@ 16 MHz), TA = 70·C. 
3. Not tested. 
• 


4. Tested 
under worst 
case conditions: 
VCC = 4.5V (4.75V 
@ 16 MHz), TA = O·C. 
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Each timing symbol has from 5 to 7 characters. The first character is always a 'T' (stands for time). The other 
characters, depending on their positions, stand for the name of a signal or the logical status of that signal. The 
following is a list of all the characters and what they stand for. 
A: 
Address 
ARY: Asynchronous Ready Input 
C: 
Clock Output 
CK: 
Clock Input 
CS: 
Chip Select 
CT: 
Control (DTlA, DEN, ... ) 
0: 
Data Input 


DE: 
DEN 
H: 
Logic Level High 
IN: 
Input (DROO,TIMO,... ) 
L: 
Logic Level Low or ALE 
0: 
Output 
OS: 
Oueue Status (OS1, OS2) 
R: 
AD Signal, RESET Signal 
S: 
Status (~, Sf, S2) 
SRY: Synchronous Ready Input 
V: 
Valid 
W: 
WR Signal 
X: 
No Longer a Valid Logic Level 
Z: 
Float 


Examples: 


TCLAY 
- 
Time from Clock low to Address valid 
TCHLH 
- 
Time from Clock high to ALE high 
TCLCSV 
- 
Time from Clock low to Chip Select valid 


inter 


WAVEFORMS 
(Continued) 


MAJOR 
CYCLE 
TIMING 
(Continued) 


I 
JllII. 


(1IOTE4) 


NOTES: 
1. The data hold time last only untillNTA 
goes inactive, 
even if the INTA transition 
occurs 
prior to TCLDX (min.) 


2. INTA occurs 
one clock 
later in Slave 
Mode. 


3. Status 
inactive 
just prior to T4. 


4. Latched 
A 1 and A2 have the same timings 
as ~ 
and PCSS. 


5. For Write cycle 
followed 
by Read. 


~ 
INTD-3 
nMEAIN 


inter 


WAVEFORMS 
(Continued) 


READY 
TIMING 


ARDY 
(NORt.lALLY 
NOT READY 
SYSTEt.l) 


ARDY [ 
(NORt.lALLY 
READY 
SYSTEt.l) 


CLKOUT~ 
~ 
'-;;CL-lr 


f=! 


HOLD---- 


AD15-ADO 
DEN 


A19/S6 
- A16/S3, 
RD, WR, 
SHE.DT/R, 
52-SO, LOCK 


WAVEFORMS 
(Continued) 


TIMER 
ON 80C186 


CLKIN 


(Xl) 


_g; 


TCLTMV_ 


21/2-61/2CLOCKS 
- 
--------~-------------------~ 


Typical 
Output Delay Capacitive 
Derating 


B 


7 


6 
X = hlgh-to-Iow 
0= 
low-to-hlgh 


5 
';;'.5 
4 
- 
3 


2 


50 
75 
100 
125 
150 
175 


Capacitive 
Load (pF) 


Typical 
Rise and Fall Times for TTL Voltage 
Levels 


B 


7 


6 


5 
~.. 
.5 
4 
- 


50 
75 
100 
125 
150 
175 


Capacitive 
Load (pF) 


Typical 
Rise and Fall Times for CMOS Voltage 
Levels 


16 


14 


12 


10 


50 
75 
100 
125 
150 
175 


Capacitive 
Load (pF) 


Figure 49. CMOS Level Rise and Fall Times for Output Buffers 


9-111 


The Intel EXPRESS 
system offers enhancements 
to 
the operational 
specifications 
of the 80C186 
micro- 
processor. 
EXPRESS 
products 
are 
designed 
to 
meet the needs of those applications 
whose 
operat- 
ing requirements 
exceed 
commercial 
standards. 


The 80C186 
EXPRESS program 
includes 
an extend- 


ed temperature 
range. 
With 
the 
commercial 
stan- 


dard temperature 
range, operational 
characteristics 


are guaranteed 
over the temperature 
range <>fO·C to 


+ 70·C. 
With 
the extended 
temperature 
range 
op- 


tion, operational 
characteristics 
are guaranteed 
over 


the range of - 40·C to + 85·C. 


Package 
types and EXPRESS versions 
are identified 


by a one or two-letter 
prefix to the part number. The 


prefixes 
are 
listed 
in Table 
17. All A.C. 
and 
D.C. 


specifications 
not mentioned 
in this section 
are the 


same for both commercial 
and EXPRESS 
parts. 


Prefix 
Package 
Temperature 
Type 
Range 


A 
PGA 
Commercial 


N 
PLCC 
Commercial 


R 
LCC 
Commercial 


TA 
PGA 
Extended 


TN 
PLCC 
Extended 


TR 
LCC 
Extended 


NOTE: 
Extended temperature versions of the 80C816 are not 
availableat 16 MHz. 


A determination 
of 80C186 
program 
execution 
tim- 


ing must consider 
both the bus cycles 
necessary 
to 


prefetch 
instructions 
as well as the number 
of exe- 


cution unit cycles necessary 
to execute 
instructions. 


The following 
instruction 
timings 
represent 
the mini- 


mum execution 
time in clock cycles for each instruc- 


tion. The timings 
given are based 
on the following 


assumptions: 


• 
The opcode, 
along with any data or displacement 


required 
for execution 
of a particular 
instruction, 


has been prefetched 
and resides 
in the queue at 


the time it is needed. 


• 
No wait states or bus HOLDs occur . 


• 
All word-data 
is located 
on even-address 
bound- 


aries. 


All jumps and calls include the time required 
to fetch 


the opcode 
of the next instruction 
at the destination 


address. 


All instructions 
which involve 
memory 
accesses 
can 


require one or two additional 
clocks 
above the mini- 


mum timings 
shown due to the asynchronous 
hand- 


shake between 
the BIU and execution 
unit. 


With a 16-bit BIU, the 80C186 
has sufficient 
bus per- 


formance 
to ensure that an adequate 
number of pre- 


fetched 
bytes will reside 
in the queue 
most 
of the 


time. Therefore, 
actual 
program 
execution 
time will 


not be substantially 
greater 
than that 
derived 
from 


adding the instruction 
timings 
shown. 
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Function 
Formlt 
Clock 
Commentl 
Cycle. 


DATA TRANSFER 
MOV = Move: 


Registerto RegisterlMemory 
I 1000100w 
mod reg rIm 
2/12 


RegisterI memoryto register 
I 
1000101w 
mod reg rIm 
2/9 


Immedieteto registerlmemory 
1100011 
w 
modOOOrIm 
data 
I 
data ifw=l 
I 
12-13 
8/16-bit 


Immediateto register 
1011 
w reg 
data 
dataifw=l 
I 
3-4 
8/16-M 


Memoryto accumulator 
1010000w 
addr-Iow 
addr-high 
I 
8 


Accumulatorto memory 
1010001w 
addr-Iow 
addr-high 
I 
9 


Registerlmemoryto segmentregister 
10001110 
modOreg rIm 
2/9 


Segmentregisterto registerlmemory 
10001100 
modOreg rIm 
2/11 


PUSH = Push: 


Memory 
I 
11111111 
I mod 11 0 rIm I 
16 


Register 
I 01010reg 
I 
10 


Segmentregister 
I 
000regll0 
I 
9 


Immediate 
I 01101080 
I 
data 
I 
datans-O 
I 
10 


PUSHA = Puah AU 
I 01100000 
I 
36 


POP = Pop: 


Memory 
I 
10001111 
I modOOO rIm I 
20 


Register 
I 
01011 
reg I 
10 


Segmentregister 
I 
000regl11 
I 
(reg"Ol) 
8 


POPA = PopAll 
I 01100001 
I 
51 


XCHG ~ Exchange: 


RegisterI memorywith register 
I 
1000011w 
I 
modreg rIm 
I 
4/17 


Registerwith accumulator 
I 
10010reg 
I 
3 


IN = Input from: 


Fixedport 
1110010w 
I 
port 
I 
10 


Variableport 
1110110w 
I 
8 
OUT = Ou1putto: 


Fixedport 
1110011 
w I 
port 
I 
9 


Variableport 
1110111 
w I 
7 


XLAT = Translatebyteto Al 
11010111 
11 


LEA ~ load EAto register 
10001101 
modreg rIm 
I 
6 


lDS = load pointerto OS 
I 
11000101 
mod reg rIm 
I 
(mod"ll) 
18 


lES = load pointerto ES 
I 
11000100 
mod reg rIm 
I 
(mod,.ll) 
18 


LAHF ~ load AH with flags 
I 
10011111 
2 


SAHF = StoreAH into flags 
I 
10011110 
I 
3 


PUSHF = Pushflags 
I 
10011100 
I 
9 


POPF = Popflags 
I 
10011101 
I 
8 


Function 
Format 
Clock 
Comments 
Cycles 


DATA TRANSFER (Continued) 
SEGMENT = segment Override: 


c:;S 
I 
00101110 
I 
2 


SS 
I 
00110110 
I 
2 


OS 
I 
00111110 
I 
2 


ES 
I 
00100110 
I 
2 


ARITHMETIC 
ADD = Add: 


Reg/memory with register to either 
I 
OOOOOOdw 
I 
mod reg rIm 
I 
3/10 


Immediate to register/memory 
I 
100000sw 
I 
modOOO rIm I 
data 
I data ~ sw=01 
I 
4/16 


Immediate to accumulator 
I 
0000010w 
I 
data 
I 
dataifw=1 
I 
3/4 
B/16-bit 


ADC = Add with carry: 


Reg/memory with register to either 
I 
000100dw 
I 
mod reg rIm 
I 
3/10 


Immediate to register/memory 
I 
100000sw 
I 
modO 10 rIm I 
data 
I dataifsw=01 
I 
4/16 


Immediate to accumulator 
I 
0001010w 
I 
data 
I 
dataifw=1 
I 
3/4 
B/16-bit 


INC = Increment: 


Register/memory 
I 
1111111w 
I 
mod 0 0 0 rIm I 
3/15 


Register 
I 
01000 
reg 
I 
3 


SUB = Subtract: 


Reg/memory and register to either 
I 
001010dw 
I 
mod reg rIm 
I 
3/10 


Immediate from register/memory 
I 
tOOOOOsw 
I 
mod 1 01 rIm I 
data 
I data if s w=01 
I 
4/16 


Immediate from accumulator 
I 
0010110w 
I 
data 
I 
dataifw=1 
I 
3/4 
B/16-bit 


SBB = Subtract with borrow: 


Reg/memory and register to either 
I 000110dw 
I 
mod reg rIm I 
3/10 


Immediate from register/memory 
I 
100000sw 
I modO 11 rIm I 
data 
I dataifsw=01 
I 
4/16 


Immediate from accumulator 
I 0001110w 
I 
data 
I 
data~w=1 
I 
3/4 
B/16-M 


DEC = Decrement 


Register/memory 
I 
1111111w 
I 
mod 0 01 rIm I 
3/15 


Register 
I 
010·01 
reg 
I 
3 


CMP = Compare: 


Register/memory with register 
I 
0011101 
w I 
mod reg rIm 
I 
3/10 


Register with register/memory 
I 
0011100w 
I 
mod reg rIm 
I 
3/10 


Immediate with register/memory 
I 
100000sw 
I 
mod111 
rIm I 
data 
I data ~ s w=01 
I 
3/10 


Immediate with accumulator 
I 0011110w 
I 
data 
I 
dataifw=1 
I 
3/4 
B/16-bit 


NEG = Change sign register/memory 
1111011 
w I 
modO 11 rIm I 
3/10 


AAA = ASCII adjust for add 
00110111 
I 
B 


DAA = Decimal adjust for add 
00100111 
I 
4 


AAS = ASCII adjust for subtract 
00111111 
I 
7 


DAS = Decimal adjust for subtract 
00101111 
I 
4 


MUL = Multiply (unsigned): 
I 
1111011 
w I 
mod 100 rIm 
I 
Register-Byte 
26-2B 


Register-Word 
35-37 


Memory-Byte 
32-34 


Memory-Word 
41-43 
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Function 
Format 
Clock 
Comments 
Cyclea 


ARITHMETIC (Continued) 


IMUL ~ Integer multiply (signed): 
I 
1111011 
w I mod 101 
rIm I 


Register-Byte 
25-28 
Register-Word 
34-37 


Memory-Byte 
31-34 
Memory-Word 
40-43 


IMUL = Integer Immediate multiply 
I 011010s1 
I 
mod reg rIm I 
data 
I 
data ifs=O 
I 
22-25/ 
(signed) 
29-32 


DIY ~ Divide (unsigned): 
I 1111011 
w I mod 110 
rIm I 
Register-Byte 
29 


Register-Word 
38 


Memory-Byte 
35 


Memory-Word 
44 


IDlY ~ Integer divide (signed): 
I 
1111011 
w I mod 111 
rIm I 


Register-Byte 
44-52 


Register-Word 
53-61 


Memory-Byte 
50-58 


Memory-Word 
59-67 


AAM ~ ASCII adjust for mUltiply 
I 
11010100 
I 00001010 
I 
19 


AAD = ASCII adjust for divide 
I 
11010101 
I 
00001010 
I 
15 


CBW ~ Convert byte to word 
I 
10011000 
I 
2 


CWO = Convert word to double word I 
10011001 
I 
4 


LOGIC 
Shift/Rotate 
Instructions: 


Register/Memory by 1 
I 
1101000w 
I 
mod TTT r/m 
I 
2/15 


Register/Memory by CL 
I 
1101001w 
I 
modTTTr/m 
I 
5+n/17+n 
I 
I 
I 
I 
- 


Register/Memory by Count 
1100000w 
modTTTr/m 
count 
5+n/17+n 


TTT Instruction 
000 
RDL 
001 
RDR 
010 
RCL 
011 
RCR 


100 
SHL/SAL 


101 
SHR 
111 
SAR 


AND ~ And: 


Reg/memory and register to either 
I 
001000dw 
I 
mod reg rIm 
I 
3/10 


Immediate to register/memory 
I 
1000000w 
I mod 100 
rIm I 
data 
I 
dataifw~1 
I 
4/16 


Immediate to accumulator 
I 
0010010w 
I 
data 
I 
dataifw=1 
I 
3/4 
8/16-bit 


TEST ~ And function to flags, no result: 


Register/memory and register 
I 
1000010w 
I 
mod reg rIm 
I 
3/10 


Immediate data and register/memory 
I 
1111011 
w I mod 0 0 0 rIm I 
data 
I 
dataifw=1 
I 
4/10 


Immediate data and accumulator 
I 
1010100w 
I 
data 
I 
dataifw=1 
I 
3/4 
8/16-bit 


OR~Or: 


Reg/memory and register to either 
I 000010dw 
I 
mod reg rIm I 
3/10 


Immediate to register/memory 
I 
1000000w 
I mod 0 01 rIm I 
data 
I 
dataifw=1 
I 
4/16 


Immediate to accumulator 
I 0000110w 
I 
data 
I 
data ifw= 1 
I 
3/4 
8/16-bit 


Function 
Format 
Clock 
Commants 
Cyclas 


LOGIC (Continued) 
XOR ~ Excluslva or: 


Reg/memory and register to either 
001100dw 
mod reg rIm 
I 
3/10 


Immediate to register/memory 
1000000w 
mod 110 
rIm I 
data 
I 
dataifw=1 
I 
4/16 


Immediate to accumulator 
0011010w 
data 
I 
dataifw=l 
I 
3/4 
8/16-bit 


NOT = Invert register/memory 
1111011w 
mod 0 10 rIm I 
3/10 


STRING MANIPULATION 


MOYS = Move byte/word 
1010010w 
14 


CMPS = Compare byte/word 
1010011 
w 
22 


SCAS ~ Scan byte/word 
1010111 
w 
15 


LOOS = Losd byte/wd to AL/ AX 
1010110w 
12 


STOS = Store byte/wd from AL/ AX 
1010101w 
10 


INS - 
Input byte/wd from OXport 
I 0110110w 
I 
14 


OUTS - 
OUtput byte/wd to OX port I 0110111w 
I 
14 


Repeated by count in ex (REP/REPE/REPZ/REPNE/REPNZ) 


MOYS = Move string 
I 
11110010 
1010010w 
8+8n 


CMPS ~ Compare string 
I 
1111001z 
1010011 
w 
5+22n 


SCAS = Scan string 
I 
1111001 
z 
1010111 
w 
5+15n 


LOOS ~ Load string 
I 
11110010 
1010110w 
6+11n 


STOS = Store string 
I 
11110010 
1010101 
w 
6+9n 


INS - 
Inpul string 
I 11110010 
0110110w 
I 
8+8n 


~ 
- 
OUtput string 
I 11110010 
I 0110111w 
I 
8+8n 


CONTROL TRANSFER 


CALL = Call: 


Direct within segment 
I 
11101000 
I 
disp-Iow 
I 
disp-high 
I 
15 


Register/memory 
I 
11111111 
I modO 1 0 rIm I 
13/19 
indirect within segment 


Direct intersegment 
I 
10011010 
I 
segment offset 
I 
23 


I 
segment selector 
I 


Indirect intersegment 
I 
11111111 
I modO 11 rIm I 
(mod* 11) 
38 


JMP ~ Unconditional Jump: 


Short/long 
I 
11101011 
I 
disp-Iow 
I 
14 


Direct within segment 
I 
11101001 
I 
disp-Iow 
I 
disp-high 
I 
14 


Register/memory 
I 
11111111 
I 
mod 100 
rIm I 
11/17 
indirect within segment 


Direct intersegment 
I 
11101010 
I 
segment offset 
I 
14 
I 
segment selector 
I 


Indirect intersegment 
I 
11111111 
I 
mod 101 
rIm I 
(mod* 11) 
26 


inter 


Function 
Format 
Clock 
Commenta 
Cycles 


CONTROL TRANSFER (Continued) 
RET = Return from CALL: 


Within segment 
I 
11000011 
I 
16 


Within seg adding immed to SP 
I 
11000010 
I 
data-low 
I 
data-high I 
18 


Intersegment 
11001011 
22 


Intersegment adding immediete to SP 
11001010 
data-low 
data-high I 
25 


JE/JZ ~ Jump on equal/zero 
01110100 
disp 
4/13 
JMP not 


4/13 
taken/JMP 
JLlJNGE 
= Jump on lesslnot greater or equal 
01111100 
disp 
taken 
JLE/ JNG = Jump on less or equal/ not greater 
01111110 
disp 
4/13 


JB/JNAE ~ Jump on below/not above or equal 
01110010 
disp 
4/13 


JBE/JNA 
~ Jump on below or equal/not above 
01110110 
disp 
4/13 


JP/JPE = Jump on parity/parity even 
01111010 
disp 
4/13 


JO ~ Jump on overflow 
01110000 
disp 
4/13 


JS ~ Jump on sign 
01111000 
disp 
4/13 


JNE/JNZ = Jump on not equal/not zero 
01110101 
disp 
4/13 


JNLI JGE = Jump on not less/ greater or equal 
01111101 
disp 
4/13 


JNLEI JG ~ Jump on not less or equal/ greater 
01111111 
disp 
4/13 


JNBI JAE ~ Jump on not below/above or equal 
01110011 
disp 
4/13 


JNBE/JA 
= Jump on not below or equal/above 
01110111 
disp 
4/13 


JNP/JPO ~ Jump on not par/par odd 
01111011 
disp 
4/13 


JNO = Jump on not overflow 
01110001 
disp 
4/13 


JNS = Jump on not sign 
01111001 
I 
disp 
4/13 


JCXZ = Jump on ex zero 
11100011 
disp 
5/15 


LOOP ~ Loop ex times 
11100010 
disp 
6/16 
LOOP not 


LOOPZlLOOPE ~ Loop while zero/equal 
11100001 
disp 
6/16 
taken/LOOP 
taken 
LOOPNZ/LOOPNE = Loop while not zero/equal 
11100000 
disp 
I 
6/16 


ENTER = Enter Procedure 
11001000 
data-low I 
data-high I 
L I 
L=O 
15 
L=1 
25 
L>1 
22+ 16(n-1) 


LEAVE = Leave Procedure 
I 11001001 
I 
8 


INT = Interrupt: 


Type specified 
I 
11001101 
I 
type 
I 
47 


Type 3 
I 
11001100 
I 
45 
if INT. takenl 


INTO = Interrupt on overflow 
I 
11001110 
I 
48/4 
if INT. not 
taken 


IRET ~ Interrupt return 
I 
11001111 
I 
28 
I 
I modreg rIm I 
- 
BOUND = Detect value 0U101range 
01100010 
33-35 
- 


Format 
Clock 
Comments 
Function 
Cycles 


PROCESSORCONTROL 


CLC ~ Clear carry 
I 
11111000 
2 


CMC ~ Complement carry 
11110101 
2 


STC ~ Set carry 
11111001 
2 


CLD = Clear direction 
11111100 
2 


STD = Set direction 
11111101 
2 


CLI = Clear interrupt 
11111010 
I 
2 


STI = Set interrupt 
11111011 
I 
2 


HLT = Halt 
11110100 
I 
2 


WAIT ~ Wait 
10011011 
I 
6 
if TEST = 0 


LOCK ~ Bus lock prefix 
11110000 
I 
2 


NOP = No Operation 
I 
10010000 
I 
3 


(TIT LLL are opcode to processor elctension) 


The Effective Address (EA) of the memory operand 
is computed according to the mod and rIm fields: 
if mod 
11 then rIm is treated as a REG field 


if mod 
00 then 018P = 0·, disp-Iow and disp- 
high are absent 
01 then 018P = disp-Iow sign-ex- 
tended to 16-bits, disp-high is absent 
10 then 018P = disp-high: disp-Iow 
000 then EA = (BX) + (81)+ 018P 
001 then EA = (BX) + (01) + 018P 
010 then EA = (BP) + (81)+ 018P 
011 then EA = (BP) + (01) + 018P 
100 then EA = (81)+ 018P 
101 then EA = (01) + 018P 
110 then EA = (BP) + 018p· 
111 then EA = (BX) + 018P 


if mod 
if rIm 
if rIm 
if rIm 
if rIm 
if rIm 
if rIm 
if rIm 
if rIm 


018P follows 2nd byte of instruction (before data if 
required) 


·except if mod = 00 and rIm = 110 then EA = 
disp-high: disp-Iow. 


EA calculation time is 4 clock cycles for all modes, 
and is included in the execution times given whenev- 
er appropriate. 


SegmentOverride Prefix 
I 0 
0 
1 
reg 
1 
1 
0 I 


reg is assigned according to the following: 


Segment 


reg 
Register 
00 
E8 
01 
C8 
10 
88 
11 
08 


REG is assigned according to the following table: ' 


16·Blt(w = 1) 
8·Bit (w = 0) 


000 AX 
000 AL 


001 CX 
001 CL 


010 OX 
0100L 


011 BX 
011 BL 


1008P 
100 AH 


101 BP 
101 CH 


11081 
1100H 


111 01 
111 BH 


The physical addresses of all operands addressed 
by the BP register are computed using the 88 seg- 
ment register. The physical addresses of the desti- 
nation operands of the string primitive operations 
(those addressed by the 01 register) are computed 
using the E8 segment, which may not be overridden. 


intJ 


Block Diagram 
Redrawn 
to illustrate 
numerics 
coprocessor 
interface. 


Pin Description 
Table 
Various 
descriptions 
rewritten 
for clarity. 


Interrupt 
Vector Table 
Redrawn 
for clarity. 
Interrupt 
Type 16 listed. 


ESC Opcode 
Exception 
Descrip- 


tion 
Note added concerning 
ESC trap. 


Oscillator 
Configurations 
Deleted 
drive of X2 with inverted 
X1. 


RESET Logic 
Deleted 
paragraph 
concerning 
setup 
times 
for synchronization 
of multiple 


processors. 


Added 
description 
of HLDA when a refresh 
cycle is pending. 


Added 
description 
of pullup devices 
for appropriate 
pins. 


Added 
reminder 
to initialize transfer 
count registers 
and pointer 
registers. 


Added 
reminder 
to intialize count 
registers. 


Refresh 
address 
counter 
described 
in figure. 


VIH2 indicated 
for SRDY, ARDY. 
Icc (max.) now indicated 
for all devices. 


Typical 
Icc indicated. 


Input VIH test condition 
at X1 added. TCLDOX,TCVCTV,TCVCTX.TCLHAV, and 


TCLLV minimums 
reduced 
from 5 ns to 3 ns. TCLCH (min.) and TCHCL (min.) 


relaxed 
by 2 ns. Added 
reminder 
that TSRYCL and TCLSRY must be met. 


Explanation 
of the A.C. Symbols 
New Section. 


Major Cycle Timing Waveforms 
TDXDL indicated 
in Read Cycle. TCLRO indicated. 


Rise/Fall 
and Capacitive 
Derat- 


ing Curves 


Instruction 
Set Summary 


Local Bus Arbitration 


Local Bus Controller 
and Reset 


DMA Controller 


Timers 


DRAM Refresh Addresses 


D.C. Characteristics 


Power Supply Current 


A.C. Characteristics 


New Figures added. 


ESC instruction 
clock count deleted. 
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Pin Description 
Table 


Oscillator 
Configurations 


DMA Control 
Bit Descriptions 


Interrupt 
Controller, 
etc. 


Interrupt 
Request 
Register 


DRAM Refresh Addresses 


A.C. Characteristics 


Noted 
RES to be low more than 4 clocks. 


Added 
reminder 
not to drive X2. 


Moved and clarified 
note concerning 
TC condition 
for ST /STOP 
clearing 
dur- 
ing unsynchronized 
transfers. 


Renamed 
iRMX Mode to Slave Mode. 


Noted that DO and D1 are read/write, 
others 
read-only. 


Added 
figure to explain 
refresh 
address 
bits. 


Many timings 
changed 
(all listed 
in ns): TCLDX (min.) from 
8 to 5; TSAVCL 


(min.) from 20 to 5; THVCL (min.) from 20 to 15; TINVCH (min.) from 25 to 15; 
TINVCL (min.) from 20 to 15; TCLAY at 12.5 MHz from 4-33 
to 5-36; 
TCLAY at 


16 MHz from 4-30 
to 5-33; 
TCLAX (min.) to 0; TCLOV (min.) at 10 MHz from 


10 to 5; TCLDV (min.) 
at 12.5 MHz from 
10-33 
to 5-36; 
TCLOV (min.) 
at 


16 MHz from 
10-30 
to 5-33; 
TCLDOX (min.) from 
10 at 10 MHz and 8 at 


12.5 MHz to 5 at both 
frequencies; 
TCVCTV (max.) 
and TCHCTV (max.) 
at 


16 MHz from 
25 to 31; TCHCTV (min.) and TCVDEX (min.) both from 
10 at 


10 MHz and 8 at 12.5 MHz to 5 at both frequencies; 
TCVCTX(max.) at 16 MHz 
from 25 to 33; TCLAL at 10 MHz from 
10-56 
to 5-44; 
TCLAL at 12.5 MHz 


from 8-47 
to 5-35; 
TCLAL (max.) at 16 MHz from 25 to 31; TCLAH (min.) at 


10 MHz from 
10 to 5 and at 12.5 MHz from 8 to 5; TCHSV (min.) at 10 MHz 


from 10 to 5 and at 12.5 MHz from 8 to 5; TCHSV (max.) at 16 MHz from 25 to 
31; TCLSH (min.) at 10 MHz from 10 to 5 and at 12.5 MHz from 8 to 5; TCHQSV 
(max.) at 12.5 MHz from 23 to 28 and at 16 MHz from 23 to 25; TCHDX (min.) 
at 10 MHz from 10 to 5 and at 12.5 MHz from 8 to 5; TAVCH (min.) to 0; TCLLV 
(max.) at 10 MHz from 60 to 45 and at 12.5 MHz from 55 to 40 and at 16 MHz 
from 40 to 35; TDXDL (min.) to 0; TCXCSX (min.) from 35 at 10 MHz and 29 at 
12.5 MHz and 25 at 16 MHz to TCLCH - 
10 at all frequencies; 
TCHCSX(min.) 


at 12.5 MHz and 16 MHz from 4-23 
to 5-28 
and 5-23 
respectively. 


Clarified 
effect 
of bus width. 
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80C187 
80-BIT NUMERIC PROCESSOR EXTENSION 
• High Performance 
80-Blt Internal 
• Expands 
80C186's 
Data Types to 


Architecture 
Include 32-, 64-, 80-Blt Floating-Point, 
• Two to Three 
Times 8087 Performance 
32-, 64-Blt Integers 
and 18-Dlglt 
BCD 


at Equivalent 
Clock Speed 
Operands 
• Implements 
ANSI/IEEE 
Standard 
754- 
• Directly 
Extends 
80C186's 
Instruction 


1985 for Binary Floating-Point 
Set to Trigonometric, 
Logarithmic, 


Arithmetic 
Exponential, 
and Arithmetic 
Instructions 
for All Data Types 
• Upward 
Object-Code 
Compatible 
from 
Full-Range 
Transcendental 
Operations 
8087 
• for SINE, COSINE, 
TANGENT, 
• Fully Compatible 
with 80387 and 
ARCTANGENT, 
and LOGARITHM 
80387SX. 
Implements 
all 80387 
• Built-In Exception 
Handling 
Architectural 
Enhancements 
over 8087 


• Directly 
Interfaces 
with 80C186 
CPU 
• Eight 80-Blt Numeric 
Registers, 
Usable 


as Individually 
Addressable 
General 
• 80C186/80C187 
Provide 
a Softwarel 
Registers 
or as a Register 
Stack 
Binary Compatible 
Upgrade 
from 
• Available 
In 40-Pln CERDIP 
and 44-Pln 
80186/82188/8087 
Systems 
PLCC Package 


(See 
Packaging 
Outlines 
and Dimensions. 
Order 
# 231369) 


The Intel 80C187 is a high-performance numerics processor extension that extends the architecture of the 
80C186 with floating-point, extended integer, and BCD data types. A computing system that includes the 
80C187 fully conforms to the IEEE Floating-Point Standard. Using a numerics oriented architecture, the 
80C187 adds over seventy mnemonics to the instruction set of the 80C186, making a complete solution for 
high-performance numerics processing. The 80C187 is implemented with 1.5 micron, high-speed CHMOS III 
technology and packaged in both a 40-pin CERDIP and a 44-pin PLCC package. The 80C187 is upward 
object-code compatible from the 8087 numerics coprocessor and completely object-code compatible with the 
80387 numerics coprocessor. 


C»Co 
(0 
•..••• 
' 
•..••• 
~ 
~ 
III 
0'n~ 
C 
iii"c 
iil3 


BUS CONTROL 
LOGIC 
DATA INTERFACE 
AND 
CONTROL 
UNIT 


NPSl 
NPS2 
CIolOO 
CIolDl 
NPWR 
NPRD 
RESET 


ERROR 
PEREQ 
BUSY 


80C187 
Data Registers 
64 
63 
SIGN 
EXPONENT 
SIGNIFICAND 
-=- 


15 
0 
CONTROL REGISTER 
STATUS REGISTER 
TAG WORD 


15 
0 
INSTRUCTION POINTER 
DATA POINTER 


The 80C187 Numeric Processor Extension (NPX) 
provides arithmetic instructions for a variety of nu- 
meric data types. It also executes numerous built-in 
transcendental functions (e.g. tangent, sine, cosine, 
and log functions). The 80C187 effectively extends 
the register and instruction set of the 80C186 CPU 
for existing data types and adds several new data 
types as well. Figure 2 shows the additional registers 
visible to programs in a system that includes the 
80C187. Essentially, the 80C187 can be treated as 
an additional resource or an extension to the CPU. 
The 80C186 CPU together with an 80C187 NPX can 
be used as a single unified system. 


A 80C186 system that includes the 80C187 is com- 
pletely upward compatible with software for the 
8086/8087. 


The 80C187 interfaces only with the 80C186 CPU. 
The interface hardware for the 80C187 is not imple- 
mented on the 80C188. 


The 80C187 adds to the CPU additional data types, 
registers, instructions, and interrupts specifically de- 
signed to facilitate high-speed numerics processing. 
To use the 80C187 requires no special programming 
tools, because all new instructions and data types 
are directly supported by the assembler and compil- 
ers for high-level languages. The 80C187 supports 
all 80387 instructions, producing the same binary re- 
sults. 


All 
communication 
between 
the 
CPU and 
the 
80C187 is transparent to applications software. The 
CPU automatically controls the 80C187 whenever a 
numerics instruction is executed. All physical memo- 
ry and virtual memory of the CPU are available for 
storage of the instructions and operands of pro- 
grams that use the 80C187. All memory addressing 
modes are available for addressing numerics oper- 
ands. 


The end of this data sheet lists by class the instruc- 
tions that the 80C187 adds to the instruction set. 


Data Types 


Table 1 lists the seven data types that the 80C187 
supports and presents the format for each type. Op- 
erands are stored in memory with the least signifi- 
cant digit at the lowest memory address. Programs 
retrieve these values by generating the lowest ad- 
dress. For maximum system performance, all oper- 
ands should start at even physical-memory address- 
es; operands may begin at odd addresses, but will 
require extra memory cycles to access the entire op- 
erand. 


Internally, the 80C187 holds all numbers in the ex- 
tended-precision real format. Instructions that load 
operands from memory automatically convert oper- 
ands represented in memory as 16-, 32-, or 64-bit 
integers, 32- or 54-bit floating-point numbers, or 18- 
digit packed BCD numbers into extended-precision 
real format. Instructions that store operands in mem- 
ory perform the inverse type conversion. 


inter 


Register Set 


Figure 2 shows the 80C187 register set. When an 
80C187 is present in a system, programmers may 
use these registers in addition to the registers nor- 
mally available on the CPU. 


A typical NPX instruction accepts one or two oper- 
ands and produces one (or sometimes two) results. 
In two-operand instructions, one operand is the con· 
tents of an NPX register, while the other may be a 
memory location. The operands of some instructions 
are predefined; for example, FSQRT always takes 
the square root of the number in the top stack ele- 
ment (refer to the section on Data Registers). 
80C187 computations use the extended-precision 
real data type. 


Table 1. Data Type Representation 
In Memory 


MOlt Slgnlflclnt 
Bytl 
HIGHEST ADDRESSED 
BYTE 


oltl 
Formltl 
Rlngl 
Preeilion 
017 
017 
017 
017 
017 
017 
017 
017 
017 
7 
0 


Word 
Integer 
±104 
16 Bits 
IITWO 
S 
COMPLEMENTI 


15 
0 


Short 
Integer 
±109 
32 Bits 
IITWO 
5 
COtllPLEMENT, 


31 
0 


Long 
Integer 
±1018 
64 Bits 
Ilrwo s 
COMPLEMENT, 


63 
0 


Packed 
BCD 
±10'8 
18 Digits 
sl 
x Id" 


MAGNITUDE 
d.,l 


CliO C11~ du 
,dlJ 
dll 
C111 d!U 
dlt 
d. 
d, 
d. 
d. 
"I 
ell 
d, 
d, 


71 
72 
0 


Single Precision 
± 10±38 
24 Bits 
~I,BIASED 
I 
SIGNIFICAND 
I 
S 
EXPONENT 


3' 
23\... 
0 
I' 


Double 
Precision 
±10±308 
53 Bits 
sl 
BIASED 
I 
SIGNIFICANO 
I 
EXPONENT 


6J 
52\... 
0 
" 


Extended 
± 10±4932 
64 Bits 
sl 
BIASED 
hl 
SIGNIFICAND 
I 
Precision 
EXPONENT 


71 
••• 
J' 
0 


NOTES: 
1. S = Sign bit (0 = Positive, 
1 = Negative) 


2. dn = Decimal 
digit (two per byte) 


3. X = Bits have no significance; 
80C187 
ignores 
when 
loading, 
zeros when 
storing 


4. • 
= Position 
of implicit 
binary point 


5. I = Integer 
bit of significand; 
stored 
in temporary 
real, implicit 
in single and double 
precision 


6. Exponent 
Bias (normalized 
values): 
Single: 
127 (7FH) 


Double: 
1023 (3FFH) 


Extended 
Real: 16383 
(3FFFH) 


7. Packed 
BCD: (-l)S 
(017 ... 
Do) 


8. Real: (-l)S 
(2E·BIAS) (Fo, F, ... 
) 
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The 80C187 register set can be accessed either as 
a stack, with instructions operating on the top one or 
two stack elements, or as individually addressable 
registers. The TOP field in the status word identifies 
the current top-of-stack register. A "push" operation 
decrements TOP by one and loads a value into the 
new top register. A "pop" operation stores the value 
from the current top register and then increments 
TOP by one. The 80C187 register stack grows 
"down" toward lower-addressed registers. 


Instructions may address the data registers either 
implicitly or explicitly. Many instructions operate on 
the register at the TOP of the stack. These instruc- 
tions implicitly address the register at which TOP 
points. Other instructions allow the programmer to 
explicitly specify which register to use. This explicit 
addressing is also relative to TOP. 


The tag word marks the content of each numeric 
data register, as Figure 3 shows. Each two-bit tag 
represents one of the eight data registers. The prin- 
cipal function of the tag word is to optimize the 
NPX's performance and stack handling by making it 
possible to distinguish between empty and nonemp- 
ty register locations. It also enables exception han- 
dlers to identify special values (e.g. NaNs or denor- 
mals) in the contents of a stack location without the 
need to perform complex decoding of the actual 
data. 


The 16-bit status word (in the status register) shown 
in Figure 4 reflects the overall state of the 80C187. It 
may be read and inspected by programs. 


Bit 15, the B-bit (busy bit) is included for 8087 com- 
patibility only. It always has the same value as the 
ES bit (bit 7 of the status word); it does not indicate 
the status of the BUSY output of 80C187. 


Bits 13-11 (TOP) point to the 80C187 register that 
is the current top-of-stack. 


The four numeric condition code bits (C3-CO) are 
similar to the flags in a CPU; instructions that per- 
form arithmetic operations update these bits to re- 
flect the outcome. The effects of these instructions 
on the condition code are summarized in Tables 2 
through 5. 


Bit 7 is the error summary (ES) status bit. This bit is 
set if any unmasked exception bit is set; it is clear 
otherwise. If this bit is set, the ERROR signal is as- 
serted. 


Bit 6 is the stack flag (SF). This bit is used to distin- 
guish invalid operations due to stack overflow or un- 
derflow from other kinds of invalid operations. When 
SF is set, bit 9 (C1) distinguishes between stack 
overflow (C1 = 1) and underflow (C1 = 0). 


Figure 4 shows the six exception flags in bits 5-0 of 
the status word. Bits 5-0 are set to indicate that the 
80C187 has detected an exception while executing 
an instruction. A later section entitled "Exception 
Handling" explains how they are set and used. 


Note that when a new value is loaded into the status 
word by the FLDENV or FRSTOR instruction, the 
value of ES (bit 7) and its reflection in the B-bit (bit 
15) are not derived from the values loaded from 
memory but rather are dependent upon the values of 
the exception flags (bits 5-0) in the status word and 
their corresponding masks in the control word. If ES 
is set in such a case, the ERROR output of the 
80C187 is activated immediately. 


15 
0 
TAG (7) I 
TAG (6) I 
TAG (5) 
I-TA-G-(-4)-I-T-A-G-(3-)-I-TA-G-(-2)-I-T-A-G-(-1)-I 
TAG (0) 


NOTE: 
The index i of tag (i) is not 
top-relative. 
A program 
typically 
uses the "top" 
field of Status 
Word to determine 
which 
tag (i) field refers to logical 
top of stack. 
TAG VALUES: 


00 = Valid 
01 = Zero 
10 = QNaN, 
SNaN, 
Infinity, 
Denormal 
and Unsupported 
Formats 
11 = Empty 
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rm:TTI 
TOP OF STACK POINTER 
!ll! !!i--------- 
CONDITION CODE 


""" '",,,., ,,"U, ~ 
STACK FLAG 


EXCEPTION FLAGS: 


PRECISION 
UNDERFLOW 
OVERFLOW 
ZERO DIVIDE 
DENORlolALIZED OPERAND 
INVALID OPERATION 


ES is set if any unmasked 
exception 
bit is set; cleared 
otherwise. 


See Table 
2 for interpretation 
of condition 
code. 
TOP values: 
000 
~ 
Register 
0 is Top of Stack 
001 
~ 
Register 
1 is Top of Stack 
. 


111 = Register 
7 is Top of Stack 
For definitions 
of exceptions, 
refer 
to the section 
entitled, 
"Exception 
Handling" 
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The NPX provides 
several 
processing 
options 
that are selected 
by loading 
a control 
word from memory 
into 
the control 
register. 
Figure 5 shows the format 
and encoding 
of fields in the control 
word. 


Instruction 
CO(S) 
I 
C3(Z) 
C1(A) 
C2(C) 


FPREM, FPREM1 
Three Least Significant 
Reduction 
(See Table 3) 
Bits of Quotient 
0= 
Complete 


Q2 
QO 
Q1 
1 = Incomplete 


orO/D 


FCOM, FCOMP, 
FCOMPP, FTST 
Result of Comparison 
Zero or 
Operand 
is not 
FUCOM, FUCOMP, 


" 
(See Table 4) 
o/D 
Comparable 
(Table 4) 
FUCOMPP, 
FICOM, 
FICOMP 


FXAM 
Operand 
Class 
Sign 
Operand 
Class 


(See Table 5) 
orOIU 
(Table 5) 


FCHS, FABS, FXCH, 
FINCTOP, 
FDECTOP, 
Constant 
Loads, 
UNDEFINED 
Zero 
UNDEFINED 
FXTRACT, 
FLD, 
oro/D 


FILD, FBLD, 
FSTP (Ext Real) 


FIST, FBSTP, 
FRNDINT, 
FST, 
FSTP, FADD, FMUL, 
UNDEFINED 
Roundup 
UNDEFINED 
FDIV, FDIVR, 
oro/D 
FSUB, FSUBR, 
FSCALE, 
FSQRT, 
FPATAN, 
F2XM1, 
FYL2X, FYL2XP1 


FPT AN, FSIN, 
UNDEFINED 
Roundup 
Reduction 


FCOS, FSINCOS 
oro/D, 
0= 
Complete 


Undefined 
1 = Incomplete 


ifC2 
= 1 


FLDENV, 
FRSTOR 
Each Bit Loaded from Memory 


FLDCW, FSTENV, 
FSTCW, FSTSW, 
UNDEFINED 
FCLEX, FIN IT, 
FSAVE 
- 
O/U 
When both IE and SF bits of status word are set, indicating a stack exception, this bit distinguishes between 
stack overflow (C1 = 1) and underflow (C1 = 0). 
Reduction 
If FPREM or FPREM1 produces a remainder that is less than the modulus, reduction is complete. When 
reduction is incomplete the value at the top of the stack is a partial remainder, which can be used as input to 
further reduction. For FPTAN. FSIN, FCOS. and FSINCOS, the reduction bit is set if the operand at the top of 
the stack is too large. In this case the original operand remains at the top of the stack. 
Roundup 
When the PE bit of the status word is set, this bit indicates whether one was added to the least significant bit of 
the result during the last rounding. 
UNDEFINED Do not rely on finding any specific value in these bits. 
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The low-order byte of this control word configures 
exception masking. Bits 5-0 
of the control word 


contain individual masks for each of the six excep- 
tions that the 80C187 recognizes. 


The high-order byte of the control word configures 
the 80C187 operating mode, including precision, 
rounding, and infinity control. 
• The "infinity control bit" (bit 12) is not meaningful 


to the 80C187, and programs must ignore its val- 
ue. To maintain compatibility with the 8087, this 
bit can be programmed; however, regardless of 
its value, the 80C187 always treats infinity in the 
affine sense (- 
<Xl < + <Xl). 
This bit is initialized 
to zero both after a hardware reset and after the 
FINIT instruction. 


• The rounding control (RC) bits (bits 11-10) pro- 
vide for directed rounding and true chop, as well 


as the unbiased round to nearest even mode 
specified in the IEEE standard. Rounding control 
affects 
only 
those 
instructions 
that 
perform 


rounding at the end of the operation (and thus 
can generate a precision exception); namely, 
FST, FSTP, FIST, all arithmetic instructions (ex- 
cept FPREM, FPREM1, FXTRACT, FABS, and 
FCHS), and all transcendental instructions. 


• The precision control (PC) bits (bits 9-8) can be 


used to set the 80C187 internal operating preci- 
sion of the significand at less than the default of 
64 bits (extended precision). This can be useful in 
providing compatibility with early generation arith- 
metic processors of smaller precision. PC affects 
only the instructions ADD, SUB, DIV, MUL, and 
SQRT. For all other instructions, either the preci- 
sion is determined by the opcode or extended 
precision is used. 


Condition 
Code 
Interpretation 
after 


C2 
C3 
C1 
CO 
FPREM and FPREM1 


Incomplete Reduction: 


1 
X 
X 
X 
Further Iteration Required 
for Complete Reduction 


Q1 
QO 
Q2 
QMOD8 


0 
0 
0 
0 


0 
1 
0 
1 
Complete Reduction: 


0 
1 
0 
0 
2 
CO,C3, C1 Contain Three Least 
1 
1 
0 
3 
Significant Bits pf Quotient 
0 
0 
1 
4 
0 
1 
1 
5 


1 
0 
1 
6 


1 
1 
1 
7 


Order 
C3 
C2 
CO 


TOP> 
Operand 
0 
0 
0 
TOP < Operand 
0 
0 
1 


TOP = Operand 
1 
0 
0 


Unordered 
1 
1 
1 


inter 


C3 
C2 
C1 
co 
Value at TOP 


0 
0 
0 
0 
+ Unsupported 
0 
0 
0 
1 
+ NaN 
0 
0 
1 
0 
- 
Unsupported 
0 
0 
1 
1 
- 
NaN 
0 
1 
0 
0 
+ Normal 
0 
1 
0 
1 
+ Infinity 
0 
1 
1 
0 
- 
Normal 
0 
1 
1 
1 
- 
Infinity 
1 
0 
0 
0 
+0 
1 
, 
0 
0 
1 
+ Empty 
1 
0 
1 
0 
-0 
1 
, 
0 
1 
1 
- 
Empty 
1 
1 
0 
0 
+ Denormal 
1 
1 
1 
1 
- Denormal 


80C187 executes a new ESC instruction, it saves 
the address of the instruction (including any prefixes 
that may be present), the address of the operand (if 
present), and the opcode. 
Because the NPX operates in parallel with the CPU, 
any exceptions detected by the NPX may be report- 
ed after the CPU has executed the ESC instruction 
which caused it. To allow identification of the failing 
numerics instruction, the 80C187 contains registers 
that aid in diagnosis. These registers supply the op- 
code of the failing numerics instruction, the address 
of the instruction, and the address of its numerics 
memory operand (if appropriate). 


The instruction and data pointers appear in the for- 
mat shown 
by 
Figure 6. The 
ESC instruction 
FLDENV, FSTENV, FSAVE and FRSTOR are used 
to transfer these values between the registers and 
memory. Note that the value of the data pointer is 
undefined 
if the prior ESC instruction did not have a 
memory operand. 
The instruction and data pointers are provided for 
user-written 
exception 
handlers. 
Whenever 
the 
rrr~~~~~~~~~~ 
RESERVED 
I 


(INFINITY 
CONTROL) 
• 


IT 


ROUNDING 
CONTROL 
[1 
PRECISION 
CONTROL 


1S 
7 
0 
~~ 


:::~dd· 
PRECISION 
UNDERFLOW 


OVERFLOW ~~~~~~~~:!J 
ZERO 
DIVIDE 
DENORUALIZEO 
OPERAND 
INVALID 
OPERATION 


PrBCisionControl 
RoundingControl 
00- 24 B~s(SinglePrecision) 
00- Roundto Nearestor Even 
01- (ReselVed) 
01- RoundDown(toward- 00) 
10- 53Bits(DoublePrecision) 
10- RoundUp(toward+ 00) 
11- 64Bits(Ex1endedPrecision) 
11- Chop(TruncatetowardZero) 
"The "infinity control" bit is not meaningful to the 80C187. To maintain compatibility with the 8087, this bit can be 
programmed; however, regardless of its value, the 80C187 treats infinity in the affine sense (- 
00 < + 00). 


Figure 5. Control 
Word 
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CONTROL WORD 


STATUS WORD 


TAG WORD 


INSTRUCTION 
POINTER,S ..O 


IP'9 ..'6 
I 
0 I 
OPCODE,O ..O 


OPERAND POINTER,s ..o 


OP'9 ..'6 
101 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


CPU interrupt 16 is used to report exceptional condi- 
tions while executing numeric programs. Interrupt 16 
indicates that the 
previous numerics instruction 


caused an unmasked exception. The address of the 
faulty instruction and the address of its operand are 
stored in the instruction pointer and data pointer reg- 
isters. Only ESC instructions can cause this inter- 
rupt. The CPU return address pushed onto the stack 
of the exception handler points to an ESC instruction 
(including prefixes). This instruction can be restarted 
after clearing the exception condition in the NPX. 
FNINIT, 
FNCLEX, 
FNSTSW, 
FNSTENV, 
and 


FNSAVE cannot cause this interrupt. 


The 80C187 detects six different exception condi- 
tions that can occur during instruction execution. Ta- 
ble 6 lists the exception conditions in order of prece- 
dence, showing for each the cause and the default 


action taken by the 80C187 if the exception is 
masked by its corresponding mask bit in the control 
word. 


Any exception that is not masked by the control 
word sets the corresponding exception flag of the 
status word, sets the ES bit of the status word, and 
asserts the ERROR signal. When the CPU attempts 
to execute another ESC instruction, interrupt 16 oc- 
curs. The exception condition must be resolved via 
an interrupt service routine. The return address 
pushed onto the CPU stack upon entry to the serv- 
ice routine does not necessarily point to the failing 
instruction nor to the following 
instruction. The 


80C187 saves the address of the floating-point in- 
struction that caused the exception and the address 
of any memory operand required by that instruction. 


If error trapping is required at the end of a series of 
numerics instructions (specifically, when the last 
ESC instruction modifies memory data and that data 
is used in subsequent nonnumerics instructions), it is 
necessary to insert the FNOP instruction to force the 
80C187 to check its ERROR input. 


Exception 
Cause 
Default Action 
(If Exception 
is Masked) 


Invalid 
Operation 
on a signalling 
NaN, 
Result is a quiet NaN, 
Operation 
unsupported 
format, indeterminate 
integer indefinite, 
or 
form (0· 00,0/0), 
(+ 00) 
BCD indefinite 
+ (- 00), etc.), or stack 
overflow/underflow 
(SF is also set) 


Denormalized 
At least one of the operands 
is 
The operand 
is normalized, 
Operand 
denormalized, 
Le. it has the smallest 
and normal processing 
-- 
exponent 
but a nonzero 
significand 
continues 


Zero Divisor 
The divisor is zero while the dividend 
Result is 00 
is a noninfinite, 
nonzero 
number 


Overflow 
The result is too large in magnitude 
Result is largest finite 
to fit in the specified 
format 
value or 00 


Underflow 
The true result is nonzero 
but too small 
Result is denormalized 
to be represented 
in the specified 
format, and, 
or zero 
if underflow 
exception 
is masked, denormalization 
causes loss of accuracy 


Inexact 
The true result is not exactly representable 
Normal processing 
Result 
in the specified 
format (e.g. 1/3); 
continues 
(Precision) 
the result is rounded 
according 
to the 
rounding 
mode 


After 
FNINIT 
or RESET, 
the control 
word 
contains 
the value 
037FH 
(all exceptions 
masked, 
precision 
control 
64 bits, rounding 
to nearest) the same values 
as in an 8087 after RESET. For compatibility 
with the 
8087, the bit that used to indicate 
infinity control 
(bit 
12) is set to zero; however, 
regardless 
of its setting, 
infinity is treated 
in the affine sense. After FNINIT or 
RESET, the status word is initialized 
as follows: 


• 
All exceptions 
are set to zero. 


• 
Stack TOP is zero, so that after the first push the 
stack top will be register 
seven 
(111 B). 


• 
The condition 
code C3-CO is undefined. 


• 
The B-bit is zero. 


The 
tag word 
contains 
FFFFH 
(all stack 
locations 
are empty). 


80C186/80C187 
initialization 
software 
should 
exe- 
cute 
an FNINIT 
instruction 
(Le. an FINIT without 
a 
preceding 
WAIT) 
after 
RESET. 
The 
FNINIT 
is not 
strictly 
required 
for 
80C187 
software, 
but 
Intel 
recommends 
its use to help ensure upward compati- 
bility with other processors. 


This 
section 
summarizes 
the 
differences 
between 
the 80C187 and the 8087. Many changes 
have been 
designed 
into 
the 
80C187 
to directly 
support 
the 
IEEE standard 
in hardware. 
These changes 
result in 
increased 
performance 
by elminating 
the 
need 
for 
software 
that supports 
the standard. 


The 
8087 
instructions 
FENI/FNENI 
and 
FDISI/ 
FNDISI 
perform 
no useful 
function 
in the 
80C187 
Numeric 
Processor 
Extension. 
They do not alter the 
state of the 80C187 
Numeric 
Processor 
Extension. 


(They 
are 
treated 
similarly 
to 
FNOP, 
except 
that 
ERROR 
is not 
checked.) 
While 
8086/8087 
code 
containing 
these 
instructions 
can 
be executed 
on 
the 80C186/80C187, 
it is unlikely that the exception- 
handling 
routines 
containing 
these 
instructions 
will 
be completely 
portable 
to the 80C187 
Numeric 
Proc- 
essor Extension. 


The 80C187 
differs 
from 
the 8087 
with 
respect 
to 
instruction, 
data, and exception 
synchronization. 
Ex- 
cept for the processor 
control 
instructions, 
all of the 
80C187 
numeric 
instructions 
are automatically 
syn- 
chronized 
by the 80C186 CPU. When necessary, 
the 
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80C186 automatically tests the BUSY line from the 
80C187 Numeric Processor Extension to ensure that 
the 80C187 Numeric Processor Extension has com· 
pleted its previous instruction before executing the 
next ESC instruction. No explicit WAIT instructions 
are required to assure this synchronization. For the 
8087 used with 8086 and 8088 CPUs,explicit WAITs 
are required before each numeric instruction to en- 
sure 
synchronization. 
Although 
8086/8087 
pro- 


grams having explicit WAIT instructions will execute 
on the 80C186/80C187, these WAIT instructions 
are unnecessary. 


The 80C187 supports only affine closure for infinity 
arithmetic, not projective closure. 


Operands for FSCALE and FPATAN are no longer 
restricted in range (except for ± 00); F2XM1 and 
FPTAN accept a wider range of operands. 


Software cannot change entries of the tag word to 
values (other than empty) that differ from actual reg- 
ister contents. 


After reset, FINIT, and incomplete FPREM, the 
80C187 resets to zero the condition code bits C3- 
Co of the status word. 


In conformance with the IEEE standard, the 80C187 
does 
not 
support 
the 
special 
data 
formats 


pseudozero, pseudo-NaN, pseudoinfinity, and un- 
normal. 


The denormal exception has a different purpose on 
the 80C187. A system that uses the denormal-ex- 
ception handler solely to normalize the denormal op- 
erands, would better mask the denormal exception 
on the 80C187. The 80C187 automatically normal- 
izes denormal operands when the denormal excep- 
tion is masked. 


A number of differences exist due to changes in the 
IEEE standard and to functional improvements to 
the architecture of the 80C186/80C187: 
1. The 80C186/80C187 traps exceptions only on 


the next ESC instruction; I.e.the 80C186 does not 
notice 
unmasked 80C187 exceptions 
on the 


80C186 ERROR input line until a later numerics 
instruction is executed. To force the 80C186 to 
sample its ERROR input, existing high-level com- 
pilers and assembly-language programmers typi- 
cally insert WAIT and FWAIT for this purpose. Be- 
cause the 80C186 does not sample ERROR on 
WAIT 
and 
FWAIT 
instructions, 
programmers 


should place an FNOP instruction at the end of a 
sequence of numerics instructions to force the 
80C187 to sample its ERROR input. 


2. The 80C187 Numeric Processor Extension sig- 


nals exceptions through a dedicated ERROR line 
to the CPU. The 80C187 error signal does not 
pass through an interrupt controller (the 8087 INT 
signal does). Therefore, any interrupt-controller- 
oriented instructions in numerics exception han- 
dlers for the 8086/8087 should be deleted. 


3. Interrupt vector 16 must point to the numerics ex- 


ception handling routine. 


4. The ESC instruction address saved in the 80C187 


Numeric Processor Extension includes any lead- 
ing prefixes before the ESC opcode. The corre- 
sponding address saved in the 8087 does not 
include leading prefixes. 
5. When the overflow or underflow exception is 


masked, the 80C187 differs from the 8087 in 
rounding when overflow or underflow occurs. The 
80C187 produces results that are consistent with 
the rounding mode. 


6. When the underflow exception is masked, the 


80C187 sets its underflow flag only if there is also 
a loss of accuracy during denormalization. 


7. Fewer invalid-operation exceptions due to denor- 


mal operands, because the instructions FSQRT, 
FDIV, FPREM, and conversions to BCD or to inte- 
ger normalize denormal operands before pro- 
ceeding. 


8. The FSQRT, FBSTP, and FPREM instructions 


may cause underflow, because they support de- 
normal operands. 
9. The denormal exception can occur during the 


transcendental instructions and the FXTRACT in- 
struction. 


10. The denormal exception no longer takes prece- 


dence over all other exceptions. 


11. When the denormal exception is masked, the 


80C187 automatically normalizes denormal op- 
erands. The 8087 performs unnormal arithmetic, 
which might produce an unnormal result. 


12. When the operand is zero, the FXTRACT in- 


struction reports a zero-divide exception and 
leaves - 
00 in ST(1). 


13. The status word has a new bit (SF) that signals 


when invalid-operation exceptions are due to 
stack underflow or overflow. 
14. FLD extended precision 
no longer reports denor· 


mal exceptions, because the instruction is not 
numeric. 
15. FLD single/double 
precision 
when the operand 


is denormal converts the number to extended 
precision and signals the denormalized oper- 
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and exception. 
When 
loading 
a signalling 
NaN, 
FLD single/double precision signals 
an invalid- 
operand 
exception. 


16. The 80C187 
only generates 
quiet 
NaNs 
(as on 
the 
8087); 
however, 
the 
80C187 
distinguishes 
between 
quiet 
NaNs 
and signalling 
NaNs. 
Sig- 
nalling 
NaNs 
trigger 
exceptions 
when 
they 
are 
used as operands; 
quiet NaNs do not (except for 
FCOM, FIST, and FBSTP which also raise IE for 
quiet NaNs). 


17. When 
stack overflow 
occurs 
during FPTAN 
and 
overflow 
is masked, 
both ST(O) and ST(1) con- 
tain 
quiet 
NaNs. 
The 
8087 
leaves 
the 
original 
operand 
in ST(1) intact. 


18. When 
the 
scaling 
factor 
is ± 00, 
the 
FSCALE 
(ST(O), 
ST(1) 
instruction 
behaves 
as 
follows 


(ST(O) and ST(1) contain 
the scaled 
and scaling 
operands 
respectively): 


• FSCALE 
(0, 00) generates 
the 
invalid 
opera- 
tion exception. 


• FSCALE 
(finite, 
- 00) generates 
zero with the 
same sign as the scaled 
operand. 


• FSCALE 
(finite, + 00) 
generates 
00 
with 
the 
same sign as the scaled 
operand. 


The 8087 returns zero in the first case and rais- 
es the 
invalid-operation 
exception 
in the 
other 
cases. 


19. The 80C187 
returns 
signed 
infinity/zero 
as the 
unmasked 
response 
to massive overflow/under- 
flow. The 8087 supports 
a limited 
range for the 
scaling 
factor; 
within 
this 
range 
either 
massive 
overflow/underflow 
do 
not occur 
or undefined 
results are produced. 


Pin 
Function 
Active 
Inputl 
Name 
State 
Output 


CLK 
CLocK 
I 


CKM 
ClocKing 
Mode 
I 


RESET 
System reset 
High 
I 


PEREQ 
Processor 
Extension 
High 
0 
REQuest 
BUSY 
Busy status 
High 
0 


ERROR 
Error status 
Low 
0 


015-00 
Data pins 
High 
I/O 
NPRD 
Numeric 
Processor 
ReaD 
Low 
I 


NPWR 
Numeric 
Processor 
WRite 
Low 
I 


NPS1 
NPX select 
# 1 
Low 
I 
NPS2 
NPX select 
#2 
High 
I 
CMDO 
CoMmanDO 
High 
I 


CMD1 
CoMmanD 
1 
, 
High 
. 
I 


Vcc 
System power 
I 
Vss 
System ground 
" 


I 


In the following description of hardware interface, an 
overbar above a signal name indicates that the ac- 
tive or asserted state occurs when the signal is at a 
low voltage. When no overbar is present above the 
signal name, the signal is asserted when at the high 
voltage level. 


Signal Description 


In the following signal descriptions, the 80C187 pins 
are grouped by function as follows: 
1. Execution Control- 
ClK, CKM, RESET 


2. NPX Handshake-- PEREQ, BUSY, ERROR 
3. Bus Interface Pins- 
015-00, 
NPWR, NPRD 


4. Chip/Port Select- 
NPS1, NPS2, CMDO,CMD1 


5. Power Supplies- 
Vcc, Vss 


Table 7 lists every pin by its identifier, gives a brief 
description of its function, and lists some of its char- 
acteristics. Figure 7 shows the locations of pins on 
the CERDIP package, while Figure 8 shows the loca- 
tions of pins on the PlCC package. Table 8 helps to 
locate pin identifiers in Figures 7 and 8. 


This input provides the basic timing for internal oper- 
ation. This pin does not require MaS-level input; it 
will operate at either TIl 
or MaS levels up to the 


maximum allowed frequency. A minimum frequency 
must be provided to keep the internal logic properly 
functioning. Depending on the signal on CKM, the 
signal on ClK can be divided by two to produce the 
internal clock signal (in which case ClK may be up 
to 32 MHz in frequency), or can be used directly (in 
which case ClK may be up to 12.5 MHz). 


This pin is a strapping option. When it is strapped to 
Vcc (HIGH), the ClK input is used directly; when 
strapped to Vss (lOW), the ClK input is divided by 
two to produce the internal clock signal. During the 
RESET sequence, this input must be stable at least 
four internal clock cycles (i.e. ClK clocks when CKM 
is HIGH; 2 x ClK clocks when CKM is lOW) before 
RESET goes lOW. 


vss 
VCC 


N.C.· 
CKt.4 


Vcc 
Vss 


Vss 
Vcc 


°15 
Vss 


°14 
RESET 


°13 
NPSI 


°12 
NPS2 


Vcc 
ClK 


Vss 
Ct.401 


°11 
Vss 


°10 
Ct.400 


Vcc 
NPWR 


°9 
NPRO 


°e 
ERROR 
~ 
BUSY 


°6 
PEREQ 


°5 
°0 


°4 
°1 


°3 
°2 


014 
RESET 


013 
NPSI 


012 
NPS2 


Vcc 
ClK 


N.C.· 
Ct.401 


Vss 
Vss 


011 
N.C.· 


010 
Ct.400 


Vcc 
NPWR 


09 
NPRO 


De 
ERROR 


6"~o~o 
.• ~ti 
CNCOO~ 
~ 


Z 
~ en 


·N.C. = Pin Not Connected 
··"Top 
View" means as the package is seen from the 


component side of the board. 
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Pin Name 
CERDIP 
Package 
PLCC Package 


BUSY 
. 
25 
28 
CKM 
39 
44 
ClK 
32 
36 
CMOO 
29 
32 
CM01 
31 
35 
Do 
23 
26 
01 
22 
25 


02 
21 
24 
03 
20 
22 
04 
19 
21 
05 
18 
20 
06 
17 
19 
07 
16 
18 
De 
15 
17 


09 
14 
16 
010 
12 
14 
011 
11 
13 
012 
8 
,9 
013 
7 
8 
014 
6 
7 
015 
5 
5 
ERROR 
IL 
26 
29 
No Connect 
2 
6,11,23,33,40 
NPRO 
27 
30 
NPS1 
34 
38 
NPS2 
33 
37 
NPWR 
28 
31 
PEREQ 
24 
27 
RESET 
35 
39 
Vcc 
3,9,13,37,40 
1,3,10,15,42 
Vss 
1,4,10,30,36,38 
2,4,12,34,41,43 


System 
Reset 
(RESET) 


A lOW 
to HIGH 
transition 
on this 
pin causes 
the 
8C187 to terminate 
its present activity and to enter a 
dormant 
state. 
RESET 
must 
remain 
active 
(HIGH) 
for at least four internal 
clock 
periods. 
(The relation 
of 
the 
internal 
clock 
period 
to 
ClK 
depends 
on 
ClKM; 
the internal 
clock 
may be different 
from that 
of the CPU.) Note that the 80C187 
is active internal- 
ly for 25 clock 
periods 
after 
the termination 
of the 
RESET 
signal 
(the HIGH to lOW 
transition 
of RE- 
SET); 
therefore, 
the first 
instruction 
should 
not be 
written 
to the 80C187 
until 25 internal 
clocks 
after 
the falling edge of RESET. Table 9 shows the status 
of the output pins during the reset sequence. 
After a 
reset, all output 
pins return to their inactive 
states. 


Output 
Value 
Pin Name 
during Reset 


BUSY 
HIGH 


ERROR 
HIGH 


PEREQ 
lOW 


015-00 
TRI-STATE 
OFF 


Processor 
Extension 
Request 
(PEREQ) 


When 
active, 
this 
pin signals 
to the CPU that 
the 
80C187 
is ready for data transfer 
to/from 
its data 
FIFO. When there are more than five data transfers, 
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PEREQ is deactivated after the first three transfers 
and subsequently after every four transfers. This sig- 
nal always goes inactive before BUSY goes inactive. 


When active, this pin signals to the CPU that the 
80C187 is currently executing an instruction. This 
pin is active HIGH. It should be connected to the 
80C186's TEST/BUSY pin. During the RESET se- 
quence this pin is HIGH. The 80C186 uses this 
HIGH state to detect the presence of an 80C187. 


Error Status 
(ERROR) 


This pin reflects the ES bit of the status register. 
When active, it indicates that an unmasked excep- 
tion has occurred. This signal can be changed to 
inactive state only by the following instructions (with- 
out 
a 
preceding 
WAIT): 
FNINIT, 
FNClEX, 
FNSTENV, 
FNSAVE, 
FlDCW, 
FlDENV, 
and 
FRSTOR. This pin should be connected to the 
ERROR pin of the.CPU. ERROR can change state 
only when BUSY is active. 


These bidirectional pins are used to transfer data 
and opcodes between the CPU and 80C187. They 
are normally connected directly to the correspond- 
ing CPU data pins. Other buffers/drivers driving the 
local data bus must be disabled when the CPU 
reads from the NPX. High state indicates a value of 
one. Do is the least significant data bit. 


Numeric 
Processor 
Write 
(NPWR) 


A signal on this pin enables transfers of data from 
the CPU to the NPX. This input is valid only when 
NPS1 and NPS2 are both active. 


Numeric 
Processor 
Read (NPRD) 


A signal on this pin enables transfers of data from 
the NPX to the CPU. This input is valid only when 
NPS1 and NPS2 are both active. 


Concurrent assertion of these signals indicates that 
the CPU is performing an escape instruction and en- 
ables the 80C187 to execute that instruction. No 


data transfer involving the 80C187 occurs unless the 
device is selected by these lines. 


These pins along with the select pins allow the CPU 
to direct the operation of the 80C187. 


System 
Power 
(Vcc) 


System power provides the + 5V ± 10% DC supply 
input. All Vcc pins should be tied together on the 
circuit board and local decoupling capacitors should 
be used between Vcc and Vss. 


All Vss pins should be tied together on the circuit 
board and local decoupling capacitors should be 
used between Vcc and Vss. 


As shown by the block diagram (Figure 1), the 
80C187 NPX is internally divided into three sections: 
the bus control logic (BCl), the data interface and 
control unit, and the floating-point unit (FPU). The 
FPU (with the support of the control unit which con- 
tains the sequencer and other support units) exe- 
cutes all numerics instructions. The data interface 
and control unit is responsible for the data flow to 
and from the FPU and the control registers, for re- 
ceiving the instructions, decoding them, and se· 
quencing the microinstructions, and for handling 
some of the administrative instruc;tions.The BCl is 
responsible for CPU bus tracking and interface. 


The BCl communicates solely with the CPU using 
I/O bus cycles. The BCl appears to the CPU as a 
special peripheral device. It is special iri two re- 
spects: the CPU initiates I/O automatically when it 
encounters ESC instructions, and the CPU uses re- 
served I/O addresses to communicate with the BCL. 
The BCl does not communicate directly with memo- 
ry. The CPU performs all memory access, transfer- 
ring input operands from memory to the 80C187 and 
transferring outputs from the 80C187 to memory. A 
dedicated communication protocol makes possible 
high-speed transfer of opcodes and operands be- 
tween the CPU and 80C187. 


intJ 


NPS1 
NPS2 
CMDO 
CMD1 
NPRD 
NPWR 
Bus Cycle Type 


x 
0 
x 
x 
x 
x 
80C187 
Not Selected 


1 
x. 
x 
x 
x 
x 
80C187 
Not Selected 


0 
1 
0 
0 
1 
0 
Opcode 
Write to 80C187 


0 
1 
0 
0 
0 
1 
CW or SW Read from 80C187 


0 
1 
1 
0 
0 
1 
Read Data from 80C187 


0 
1 
1 
0 
1 
0 
Write Data to 80C187 


0 
1 
0 
1 
1 
0 
Write Exception 
Pointers 


0 
1 
0 
1 
0 
1 
Reserved 
0 
1 
1 
1 
0 
1 
Read Opcode 
Status 


0 
1 
1 
1 
1 
0 
Reserved 


The data interface 
and control 
unit latches 
the data 


and, subject 
to BCL control, 
directs 
the data to the 


FIFO or the instruction 
decoder. 
The instruction 
de- 
coder decodes 
the ESC instructions 
sent to it by the 


CPU and generates 
controls 
that direct the data flow 


in the FIFO. It also triggers 
the microinstruction 
se- 


quencer 
that controls 
execution 
of each instruction. 
If the 
ESC 
instruction 
is FINIT, 
FCLEX, 
FSTSW, 


FSTSW 
AX, 
FSTCW, 
FSETPM, 
or 
FRSTPM, 
the 


control 
executes 
it independently 
of the FPU and the 


sequencer. 
The data interface 
and control 
unit is the 


one that generates 
the BUSY, PEREQ, and ERROR 


signals 
that 
synchronize 
80C187 
activities 
with the 


CPU. 


The FPU executes 
all instructions 
that 
involve 
the 


register 
stack, including 
arithmetic, 
logical, transcen- 


dental, 
constant, 
and data transfer 
instructions. 
The 


data path in the FPU is 84 bits wide (68 significant 
bits, 15 exponent 
bits, and a sign bit) which 
allows 


internal 
operand 
transfers 
to be performed 
at very 


high speeds. 


Bus Cycles 


The 
pins 
NPS1, 
NPS2, 
CMDO, CMD1, 
NPRD 
and 


NPWR identify 
bus cycles for the NPX. Table 
10 de- 


fines the types of 80C187 
bus cycles. 


80C187 
ADDRESSING 


The NPS1, 
NPS2, CMDO, and CMD1 
signals 
allow 


the NPX to identify which bus cycles are intended 
for 


the NPX. The NPX responds 
to I/O cycles when the 


I/O 
address 
is 00F8H, 
OOFAH, OOFCH, or OOFEH. 


The 
correspondence 
betwen 
I/O 
addresses 
and 


control 
signals is defined 
by Table 11. To guarantee 


correct 
operation 
of the 
NPX, programs 
must 
not 


perform 
any I/O 
operations 
to these 
reserved 
port 


addresses. 


1/0 Address 
80C187 Select and Command 
Inputs 


(Hexadecimal) 
NPS2 
NPS1 
CMD1 
CMDO 


00F8 
1 
0 
0 
0 


OOFA 
1 
0 
0 
1 


OOFC 
1 
0 
1 
0 


OOFE 
1 
0 
1 
1 


CPUINPX 
SYNCHRONIZATION 


The pins BUSY, PEREa, and ERROR are used for 
various aspects of synchronization between the 
CPU and the NPX. 


BUSY is used to synchronize instruction transfer 
from the CPU to the 80C187. When the 80C187 rec- 
ognizes an ESC instruction, it asserts BUSY. For 
most 
ESC instructions, the 
CPU waits for 
the 
80C187 to deassert BUSY before sending the new 
opcode. 


The NPX uses the PEREa pin of the CPU to signal 
that the NPX is ready for data transfer to or from its 
data FIFO. The NPX does not directly access mem- 
ory; rather, the CPU provides memory access serv- 
ices for the NPX. 


Once the CPU initiates an 80C187 instruction that 
has operands, the CPU waits for PEREa signals that 
indicate when the 80C187 is ready for operand 
transfer. Once all operands have been transferred 
(or if the instruction has no operands) the CPU con- 
tinues program execution while the 80C187 exe- 
cutes the ESC instruction. 


In 8086/8087 
systems, WAIT instructions are re- 
quired to achieve synchronization of both com- 
mands and operands. The 80C187, however, does 
not require WAIT instructions. The WAIT or FWAIT 
instruction commonly inserted by high-level compil- 
ers and assembly-language programmers for excep- 
tion synchronization is not treated as an instruction 
by the 80C186 and does not provide exception trap- 
ping. (Refer to the section "System Configuration for 
8087-Compatible Exception Trapping".) 


Once it has started to execute a numerics instruction 
and has transferred the operands from the CPU, the 
80C187 can process the instruction in parallel with 
and independent of the host CPU. When the NPX 
detects an exception, it asserts the ERROR signal, 
which causes a CPU interrupt. 


The CPU and the NPX use a bus protocol that 
adapts to the numerics opcode being executed. 
Only the NPX directly interprets the opcode. Some 
of the results of this interpretation are relevant to the 
CPU. The NPX records these results (opcode status 
information) 
in 
an 
internal 
16-bit register. The 
80C186 accesses this register only via reads from 
NPX port OOFEH.Tables 10 and 11 define the signal 
combinations that correspond to each of the follow- 
ing steps. 
1. The CPU writes the opcode to NPX port 00F8H. 
This write can occur even when the NPX is busy 
or is signalling an exception. The NPX does not 
necessarily begin executing the opcode immedi- 
ately. 
2. The CPU reads the opcode status information 
from NPX port OOFEH. 
3. The CPU initiates subsequent bus cycles accord- 
ing to the opcode status information. The opcode 
status information specifies whether to wait until 
the NPX is not busy, when to transfer exception 
pointers to port OOFCH,when to read or write op- 
erands and results at port OOFAH,etc. 


For most instructions, the NPX does not start exe- 
cuting the previously transferred opcode until the 
CPU (guided by the opcode status information) first 
writes exception pointer information to port OOFCH 
of the NPX. This protocol is completely transparent 
to programmers. 


Bus Operation 


With respect to bus interface, the 80C187 is fully 
asynchronous with the CPU, even when it operates 
from the same clock source as the CPU. The CPU 
initiates a bus cycle for the NPX by activating both 
NPS1 and NPS2, the NPX select signals. During the 
CLK period in which NPS1 and NPS2 are activated, 
the 80C187 also examines the NPRD and NPRW 


inter 


input signals to determine whether the cycle is a 
read or a write cycle and examines the CMDOand 
CMD1 inputs to determine whether an opcode, oper- 
and, or control/status register transfer is to occur. 
The 80C187 activates its BUSY output some time 
after the leading edge of the NPRD or NPRW signal. 
Input and ouput data are referenced to the trailing 
edges of the NPRD and NPRW signals. 


The 80C187 activates the PEREa signal when it is 
ready for data transfer. The 80C187 deactivates 
PEREa automatically. 


System Configuration 


The 80C187 can be connected to the 80C186 CPU 
as shown by Figure 9. (Refer to the 80C186 Data 
Sheet for an explanation of the 80C186's signals.) 
This interface has the following characteristics: 


AD 15:0 


ALE 


RESET 


WR 
R5 


tolCS3/NPS 


TEST/BUSY 


tolCS1/ERROR 


tolCSO/PEREO 


ClKOUT 


• The 80C187's 
NPS1, ERROR, PEREa, 
and 


BUSY pins are connected directly to the corre- 
sponding pins of the 80C186. 


• The 80C186 pin MCS3INPS is connected to 


NPS1; NPS2 is connected to Vcc. 


• The NPRD and NPRW pins are connected to the 


RD and WR pins of the 80C186. 


• CMD1 and CMDOcome from the latched A2 and 


A1 of the 80C186, respectively. 


• The 
80C187 
BUSY output 
connects 
to 
the 


80C186 TEST/BUSY input. During RESET, the 
signal at the 80C187 BUSY output automatically 
programs the 80C186 to use the 80C187. 


• The 80C187 can use the ClKOUT signal of the 


80C186 to conserve board space when operating 
at 12.5 MHz or less. In this case, the 80C187 
CKM input must be pulled HIGH. For operation in 
excess of 12.5 MHz, a double-frequency external 
oscillator for ClK input is needed. In this case, 
CKM must be pulled lOW. 


RESET 
CLOCK INPUT 


NPWR 
UNDIVIDED 


NPRD 
CKtol 
..L 
CLOCK 
INPUT 


NPS1 
- 
DIVIDED BY 2 


BUSY 


ERROR 


PEREO 
NPS2 


ClK 
, 
015-00 
,, 


DATA 15:0 


inter 


System Configuration 
for 801861 
80187-Compatlble 
Exception Trapping 


When the 80C187 
ERROR outpub signal is connect- 


ed directly 
to the 
80C186 
ERR 
R input, 
floating- 


point exceptions 
cause interrupt 
"16. 
However, 
ex- 


isting software 
may be programmed 
to expect 
float- 


ing-point 
exceptions 
to be signalled 
over an external 


interrupt 
pin via an interrupt 
controller. 


MCS1/ERROR 


RESET 


80C186 
pcs. 
INT. 


TEST/BUSY 


MCS3-PEREQ 


MCS3/NPS 


A19-A16, 
Rii 
AD1S-ADO 
WR 


CLKOUT 
A 
0 
0 
R 
E 
S 
S 
A2 


19-0 
Al 
CMDO 
NPRD 
80C187 
_ 
NPSl 


For exception 
handling 
compatible 
with the 801861 


82188/8087, 
the 80C186 
can be wired to recognize 


exceptions 
through 
an external 
interrupt 
pin, as Fig- 


ure 10 shows. 
(Refer to the 80C186 
Data Sheet for 


an explanation 
of the 
80C186's 
signals.) 
With 
this 


arrangement, 
a f1iP-fIOP 
O 
iS needed 
to 
latch 
BUSY 


upon 
assertion 
of ERR 
R. The 
latch 
can then 
be 


cleared 
during the exception-handler 
routine by forc- 


ing a Pes pin active. The latch must also be cleared 
at RESET 
in order for the 80C186 
to work with the 


80C187. 


inter 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Absolute 
Maximum Ratings* 


Case Temperature 
Under Bias (Td...O·C to + 85·C 


Storage Temperature 
- 65·C to + 150·C 


Voltage 
on Any Pin 
with Respect 
to Ground 
- 0.5V to VCC + 0.5V 


Power Dissipation 
1.5W 
NOTICE Specifications contained within the 
fol/owing tables are subject to change. 


Power and Frequency 
Requirements 


The 
typical 
relationship 
between 
Icc 
and 
the 
fre- 
quency 
of operation 
F is as follows: 


When the frequency 
is reduced 
below the minimum 
operating 
frequency 
specified 
in the AC Characteris- 
tics table, the internal 
states of the 80C187 
may be- 
come 
indeterminate. 
The 80C187 
clock 
cannot 
be 
stopped; 
otherwise, 
Ice would 
increase 
significantly 
beyond 
what the equation 
above 
indicates. 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


VIL 
Input LOW Voltage 
-0.5 
+0.8 
V 


VIH 
Input HIGH Voltage 
2.0 
Vec 
+0.5 
V 


VleL 
Clock Input LOW Voltage 
-0.5 
+0.8 
V 


VICH 
Clock Input HIGH Voltage 
2.0 
Vee +0.5 
V 


VOL 
Output LOW Voltage 
0.45 
V 


VOH 
Output HIGH Voltage 
2.4 
V 


Icc 
Power Supply Current 
156 
mA 
16 MHz 
135 
mA 
12.5 MHz 


III 
Input Leakage Current 
±10 
/LA 
OV ~ VIN ~ Vec 


ILO 
I/O Leakage Current 
±10 
/LA 
0.45V 
~ VOUT ~ Vee - 
0.45V 


CIN 
Input Capacitance 
10 
pF 
FC = 1 MHz 


Co 
I/O or Output Capacitance 
12 
pF 
Fe = 1 MHz 


CCLK 
Clock Capacitance 
20 
pF 
Fe = 1 MHz 


AC Characteristics 
Te = O·C to + 85·C, vee = 5V ± 10% 
All timings 
are measured 
at 1.5V unless otherwise 
specified 


12.5 MHz 
16 MHz 
Test 
Symbol 
Parameter 
Min 
Max 
Min 
Max 
Conditions 


(ns) 
(ns) 
(ns) 
(ns) 


Tdvwh (t6) 
Data Setup to NPWR 
43 
33 


Twhdx (t7) 
Data Hold from NPWR 
14 
14 


Trlrh (t8) 
NPRD Active Time 
59 
54 


Twlwh (t9) 
NPWR Active Time 
59 
54 


Tavwl (t10) 
Command 
Valid to NPWR 
0 
0 


Tavrl (t11) 
Command 
Valid to NPRD 
0 
0 


Tmhrl (t12) 
Min Delay from PEREQ Active 
40 
30 


to NPRD Active 


Twhax (t18) 
Command 
Hold from NPWR 
12 
8 


Trhax (t19) 
Command 
Hold from NPRD 
12 
8 


Tivcl (t20) 
NPRD, NPWR, RESET to 
46 
38 
Note 1 
ClK 
Setup Time 
Tclih (t21) 
NPRD, NPWR, RESET from 
26 
18 
Note 1 
ClK 
Hold Time 
Trscl (t24) 
RESET to ClK 
Setup 
21 
19 
Note 1 
Tclrs (t25) 
RESET from ClK 
Hold 
14 
9 
Note 1 


Tcmdi (t26) 
Command 
Inactive Time 
Write to Write 
69 
59 


Read to Read 
69 
59 


Read to Write 
69 
59 


Write to Read 
69 
59 


NOTE: 
1. This is an asynchronous input. This specification is given for testing purposes only, to assure recognition at a specific elK 
edge. 


Timing 
Responses 
All timings 
are measured 
at 1.5V unless otherwise 
specified 


12.5 MHz 
16 MHz 
Test 
Symbol 
Parameter 
Min 
Max 
Min 
Max 
Conditions 


(ns) 
(ns) 
(ns) 
(ns) 


Trhqz (t27) 
NPRD Inactive to Data Float" 
18 
18 
Note 2 


Trlov (t28) 
NPRD Active to Data Valid 
50 
45 
Note 3 


Tilbh (t29) 
ERROR Active to Busy Inactive 
104 
104 
Note 4 


Twlbv (t30) 
NPWR Active to Busy Active 
80 
60 
Note 4 


Tklml (t31) 
NPRD or NPWR Active 
80 
60 
Note 5 


to PEREa 
Inactive 


Trhqh (t32) 
Data Hold from NPRD Inactive 
2 
2 
Note 3 


Trlbh (t33) 
RESET Inactive to BUSY Inactive 
80 
60 


NOTES: 
"The data float delay is not tested. 
2. The float condition occurs when the measured output current is less than IOL on 015-00. 
3.015-00 
loading: C1 = 100 pF. 


4. BUSY loading: C1 = 100 pF. 
5. On last data transfer of numeric instruction. 


12.5 MHz 
16 MHz" 
Test 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Conditions 


(ns) 
(ns) 
(ns) 
(ns) 


Tclcl 
(t1a) 
ClK 
Period 
CKM = 1 
80 
250 
N/A 
N/A 
Note 6 


(t1B) 
CKM = 0 
40 
125 
31.25 
125 
Note 6 


Teich 
(t2a) 
ClKlowTime 
CKM = 1 
35 
N/A 
Note 6 


(t2b) 
CKM = 0 
9 
7 
Note 7 


Tchcl 
(t3a) 
ClK 
High Time 
CKM = 1 
35 
N/A 
Note 6 


(t3b) 
CKM = 0 
13 
9 
Note 8 


Tch2ch1(t4) 
- 


10 
8 
Note 9 


Tch1ch2(t5) 
10 
8 
Note 10 


NOTES: 
·16 MHz operation is available only in divide-by-2 mode (CKM strapped LOW). 
6. At 1.5V 
7. At 0.8V 
8. At 2.0V 
9. CKM = 1: 3.7V to 0.8V at 16 MHz, 3.5V to 1.0V at 12.5 MHz 
10. CKM = 1: 0.8V to 3.7V at 16 MHz, 1.0V to 3.5V at 12.5 MHz 


AC DRIVE AND MEASUREMENT 
POINT5-CLK 
INPUT 
AC SETUP, HOLD, AND DELAY TIME 
MEASUREMENTs-GENERAL 


OTHER 
DEVICE 
INPUT 


DEVICE 


OUTPUT~ 
r 


CL 


I 


DATA 
TRANSFER 
TO 80Cl87 


DATA t.4AYCHANGE 


'~j========= 


] 


DATA 
TRANSFER 
FROt.480Cl86 


inter 


CloID1,CloIDl ~=x= 
VALID 
J 
NPS1, 
NPS2 
~s 
F-~\-~~------------t=.--:-::-1\26 
".."~ 
~ 
L 
J- 
.~" 
P'" - 
-\3-'=1---=- -~=--~=--~=--_ 
-_-_-_-_-_-_-_-_-_-~=--~=~~=~_ 
-_-_-_-_ 


-t,,,=i 


ERROR 
_ 


inter 


NPRD 


NPWR 


NOTE: 
RESET, 
NPWR, 
NPRD 
inputs 
are asynchronous 
to CLK. Timing 
requirements 
are given for testing 
purposes 
only, to assure 
recognition 
at a specific 
CLK edge. 


\\\\\ 


__ 
L'=L 


80C187 
EXTENSIONS 
TO THE CPU's 
INSTRUCTION 
SET 


Instructions for the 80C187 assume one of the five 
forms shown in Table 11. In all cases, instructions 
are at least two bytes long and begin with the bit 
pattern 11011B, which identifies the ESCAPE class 
of instruction. Instructions that refer to memory oper- 
ands specify addresses using the CPU's addressing 
modes. 


MOD (Mode field) and RIM (Register/Memory spec- 
ifier) have the same interpretation as the corre- 
sponding fields of CPU instructions (refer to Pro- 
grammer's Reference Manual for the CPU). The 


DISP (displacement) is optionally present in instruc- 
tions that have MOD and RIM fields. Its presence 
depends on the values of MOD and RIM, as for in- 
structions of the CPU. 


The instruction summaries that follow assume that 
the instruction has been prefetched, decoded, and is 
ready for execution; that bus cycles do not require 
wait states; that there are no local bus HOLD re- 
quests delaying processor access to the bus; and 
that no exceptions are detected during instruction 
execution. Timings are given in internal 80C187 
clocks and include the time for opcode and data 
transfer between the CPU and the NPX. If the in- 
struction has MOD and RIM fields that call for both 
base and index registers, add one clock. 


Instruction 
Optional 


First Byte 
Second 
Byte 
Field 


1 
11011 
OPA 
1 
MOD 
1 
I 
OPB 
RIM 
DISP 


2 
11011 
MF 
OPA 
MOD 
OPB • 
RIM 
DISP 


3 
11011 
d 
P 
OPA 
1 
1 
OPB • 
ST(i) 


4 
11011 
0 
0 
1 
1 
1 
1 
I 
OP 


5 
11011 
0 
1 
1 
1 
1 
1 
I 
OP 


NOTES: 
OP = Instructionopcode, possiblysplit into two fields OPA and OPB 


MF = MemoryFormat 
d = Destination 


00- 
32-Bit Real 
0- 
Destinationis ST(O) 


01- 
32-B!t Integer 
0- 
Destinationis ST(i) 


10- 
64-B!t Real 
R XOR d = 0- 
Destination(op) Source 


11- 
16-Blt Integer 
R XOR d = 1- 
Source (op) Destination 


"In FSUBand FDIV,the low-orderbit of OPB is the R (reversed)bit 


P = Pop 
ST(i) = RegisterStack Elementi 
0- 
Do not pop stack 
000 = Stack Top 


1- 
Pop stack after operation 
001 = SecondStack Element 


ESe = 11011 
••• 
111 = EighthStack Element 


. . - 
I 
Encoding 
Clock 
Count 
Range 


Inatructlon 
Byte 
Byte 
Optional 
32·Blt 
I 
32·Blt 
I 
54-Bit 
I 
16-Blt 
0 
1 
Bytea 
2-3 
Real 
Integer 
Real 
Integer 


DATA 
TRANSFER 


FLO 
~ 
Load" 


Integer/real 
memory 
to ST(O) 
ESCMF1 
MODOOOR/M 
DISP 
40 
65-72 
59 
67-71 


Long integer 
memory 
to ST(O) 
ESC111 
MOD 101 R/M 
DISP 
90-101 


Extended 
real memory 
to ST(O) 
ESC011 
MOD 101 R/M 
DISP 
74 


BCD memory 
to ST(O) 
ESC111 
MOD100R/M 
DISP 
296-305 


ST(i) to ST(O) 
I 
ESC001 
I 
11000 
ST(i) 
I 
16 


FST = Store 


ST(O) to integer/real 
memory 
ESCMF1 
I 
MOD010R/M 
DISP 
58 
93-107 
73 
80-93 


ST(O) to ST(i) 
I 
ESC101 
I 
11010ST(i) 
I 
13 


FSTP = Store 
and Pop 


ST(O) to integer/real 
memory 
ESCMF1 
I 
MOD011 
R/M 
DISP 
58 
93-107 
73 
80-93 


ST(O) to long integer 
memory 
ESC111 
I 
MOD111 
R/M 
DISP 
116-133 


ST(O) to extended 
real 
ESC011 
I 
MOD111 
R/M 
DISP 
83 


ST(O) to BCD memory 
ESC111 
I 
MOD110R/M 
DISP 
542-564 


ST(O) to ST(i) 
I 
ESC101 
I 
11001 
ST(i) 
I 
14 


FXCH 
~ 
Exchange 


ST(i) and ST(O) 
I 
ESC001 
I 
11001 
ST(i) 
I 
20 


COMPARISON 


FCOM = Compare 


Integer/real 
memory 
to ST(O) 
I 
ESC MFO 
I 
MOD010 
R/M 
DISP 
48 
78-85 
67 
77-81 


ST(i) to ST(O) 
I 
ESCOOO 
I 
11010ST(i) 
I 
26 


FCOMP 
~ 
Compare 
and pop 


Integer/real 
memory 
to ST 
ESCMFO 
I 
MOD011 
R/M 
I 
DISP 
48 
78-85 
67 
77-81 


ST(i) to ST(O) 
I 
ESCOOO 
I 
11011 
ST(i) 
I 
28 


FCOMPP 
= Compare 
and pop twice 


ST(1) to ST(O) 
I 
ESC110 
I 
11011001 
I 
28 


FTST = Test ST(O) 
I 
ESC001 
I 
11100100 
I 
30 


FUCOM 
- 
Unordered 
compare 
I 
ESC101 
I 
111ooST(i) 
I 
28 


FUCOMP 
- 
Unordered 
compare 
and pop 
I 
ESC101 
I 
11101 ST(i) 
I 
28 


FUCOMPP 
- 
Unordered 
compare 
and pop twice 
I 
ESC010 
I 
11101001 
I 
28 


FXAM = Examine 
ST(O) 
I 
ESC001 
I 
11100101 
I 
32-40 


CONSTANTS 


FLOZ = Load +0.0 into ST(O) 
I 
ESC001 
I 
11101110 
I 
22 


FL01 = Load + 1.0 into ST(O) 
I 
ESC001 
I 
11101000 
I 
26 


FLOPI = Load pi into ST(O) 
I 
ESC001 
I 
11101011 
I 
42 


FLOUT 
= Load 1092(10) into ST(O) 
I 
ESC001 
I 
11101001 
I 
42 


NOTE: 
a. When 
loading 
single- 
or double-precision 
zero from 
memory, 
add 5 clocks. 


inter 


I 
Encoding 
Clock Count Range 


Instruction 
I 
Byte 
I 
Byte 
I 
Optionsl 
32·Blt I 
32·BIt I 
64-BIt I 
16-Blt 


0 
1 
Bytes 2-3 
Real 
Integer 
Real 
Integer 


CONSTANTS (Continued) 


FLDL2E = Load I092(e)into ST(O) 
I 
ESCool 
I 
11101010 
I 
42 


FLDLG2 = Load 10910(2)into ST(O) 
I 
ESCool 
I 
11101100 
I 
43 


FLDLN2 = Load 109.(2)into ST(O) 
I 
ESC001 
I 
11101101 
I 
43 


ARITHMETIC 


FADD = Add 


Integer/real memory with ST(O) 
I 
ESCMFO 
I MOD 000 R/M I 
DISP 
44-52 
77-92 
65-73 
77-91 


ST(i) and ST(O) 
I 
ESCdPO 
I 
11000 ST(i) 
I 
25-33b 


FSUB = Subtract 


Integer/real memory with ST(O) 
I 
ESC MFO 
I MOD10RR/M 
I 
DISP 
44-52 
77-92 
65-73 
77-91C 


ST(i) and ST(O) 
I 
ESCdPO 
I 
1110RR/M 
I 
28-36d 


FMUL = Multiply 


Integer/real memory with ST(O) 
I 
ESCMFO 
I MOD 001 R/M I 
DISP 
47-57 
81-102 
68-93 
82-93 


ST(i) and ST(O) 
I 
ESCdPO 
I 
11001 R/M 
I 
31-59· 


FDIV = Divide 


Integer/real memory with ST(O) 
I 
ESCMFO 
I MODll 
RR/M I 
DISP 
10B 
140-1471 
128 
142-1469 


ST(i) and ST(O) 
I 
ESCdPO 
I 
1111 RR/M 
I 
90h 


FSQRTI = Square root 
I 
ESCOOl 
I 
11111010 
I 
124-131 


FSCALE = Scale ST(O)by ST(l) 
I 
ESCool 
I 
11111101 
I 
69-88 


FPREM = Partial remainder of 
ST(O) 7- ST(l) 
I 
ESCOOl 
I 
11111000 
I 
76-157 


FPREM1 - 
Partial remainder 
(IEEE) 
I 
ESC001 
I 
1111010t 
I 
97-187 


FRNDlNT - 
Round ST(O) 


to Integer 
I 
ESCool 
I 
11111100 
I 
88-82 


FXTRACT = Exlract components 
ofST(O) 
I 
ESCool 
I 
11110100 
I 
72-78 


FABS - 
Absolute value of ST(O) 
I 
ESC001 
I 
11100001 
I 
24 


FCHS = Change sign of ST(O) 
I 
ESCOOl 
I 
11100000 
I 
26-27 


NOTES: 
b. Add 3 clocks to the range when d = 1. 
c. Add 1 clock to each range when R = 1. 
d. Add 3 clocks to the range when d = O. 
e. typical = 54 (When d = 0,48-56, 
typical = 51). 


f. Add 1 clock to the range when R = 1. 
g. 153-159 when R = 1. 
h. Add 3 clocks to the range when d = 1. 
i. -0 
s: ST(O) s: + 00. 


Instruction 
Optional 
Clock 
Count 
Range 


Bytes 
2-3 


TRANSCENDENTAL 


FCOS = Cosine 
of 51(0) 
ESCOOl 
1111111 
t 
125-774) 


FPTANl< = Partial 
tangent 
01 ST(O) 
E5COOl 
11110010 
193-4991 


FPATAN 
= Partial 
arctangent 
ESCOOl 
11110011 
316-489 


F51N = Sine of 5T(0) 
ESCOOI 
11111110 
124-7731 


FSINCOS 
= Sine and cosme 
01 5T(0) 
ESCOOl 
11111011 
196-811) 


F2XMli 
~ 
2ST(0) - 
1 
E5COOl 
1111סס oo 
213-478 


FYL2xm 
= 5T(1) 
, 1092(5T(0» 
E5COOl 
11110001 
122-540 


FYL2XP1" 
~ 5T(1) 
'1092(5T(0) 
+ 1.0) 
E5COOl 
11111001 
259-549 


PROCESSOR 
CONTROL 


FINIT = Initialize 
NPX 
ESC011 
11100011 
35 


F5TSW 
AX 
~ 
Store 
status 
word 
ESClll 
11100000 
17 


FLDCW 
= Load control 
word 
DISP 
23 


FSTCW = Store control 
word 
DISP 
21 


F5TSW 
~ 
Store 
status 
word 
DISP 
21 


FCLEX = Clear exceptions 
ESCOll 
11100010 
13 


FSTENV = Store 
environment 
DISP 
146 


FLDENV 
~ 
Load environment 
DISP 
113 


FSA VE ~ Save state 
DISP 
550 


FR5TOR 
= Restore 
state 
DISP 
482 


FINCSTP 
= Increment 
stack 
pointer 
ESC 001 
11110111 
23 


FDECSTP 
= Decrement 
stack 
pointer 
ESC 001 
11110110 
24 


FFREE 
~ 
Free ST(I) 
ESC10l 
110005T(I) 
20 


FNOP = No operations 
ESCOOI 
11010000 
14 


8haded 
areas 
indicate 
instructions 
not available 
in 8087. 


NOTES: 
j. These 
timings 
hold for operands 
in the range Ixl < 7T/4. For operands 
not in this range, 
up to 78 clocks 
may be needed 
to 
reduce 
the operand. 
k. 0 ,;; I 8T(0) I < 263. 
I. -1.0 
,;; 8T(0) 
,;; 1.0. 


m.O 
,;; 8T(0) < 00, - 
00 < 8T(I) 
< + 00. 
n.O 
,;; 18T(0)1 < (2 - 
V(2))/2, 
- 
00 < 8T(I) 
< + 00. 


inter 
80188 
HIGH INTEGRATION 
8-BIT MICROPROCESSOR 


• 
Jntegrated Feature Set 
- 
Enhanced 8086-2 CPU 
- 
Clock Generator 
- 
2 Independent DMA Channels 
- 
Programmable Interrupt Controller 
- 
3 Programmable 16-Bit Timers 
- 
Programmable Memory and 
Peripheral Chip-Select Logic 
- 
Programmable Wait State Generator 
- 
Local Bus Controller 


• 
16-Bit Internal Architecture with 8-Bit 
Data Bus Interface 


• 
High-Performance 8 MHz Processor 
- 
At 8 MHz Provides 2 Times the 
Performance of the Standard 8088 
- 
2 MByte/Sec Bus Bandwidth 
Interface @8MHz 


• 
Direct Addressing Capability to 
1 MByte of Memory and 64 KByte I/O 


EXECUTtON "UN1T1 
I 
I 
I 
I 
I 
I 
I 
-.J 


SRDY 


AROY 
T3f 


HOLO 


HLOA 
W 


RESET 


• 
Completely Object Code Compatible 
with All Existing 8086/8088 Software 
- 
10 New Instruction Types 


• 
Complete System Development 
Support 
- 
Development Software: ASM86 
Assembler, PL/M-86, Pascal-86, 
Fortran-86, C-86, and System Utilities 


-In-Circuit-Emulator 
(12ICETM-186/188) 


• 
High Performance Numerical 
Coprocessing Capability Through 8087 
Interface 


• 
Available in 68 Pin: 
- 
Ceramic Leadless Chip Carrier (LCC) 


- 
Ceramic Pin Grid Array (PGA) 


- 
Plastic Leaded Chip Carrier (PLCC) 


(See 
Packaging 
Outlines 
and Dimensions, 
Order 
#231369) 


• 
Available in EXPRESS 
- 
Standard Temperature with Burn-In 


- 
Extended Temperature Range 
(- 40·C to + 8S·C) 


The Intel 80188 is a highly integrated microprocessor with an 8-bit data bus interface and a 16-bit internal 
architecture to give high performance. The 80188 effectively combines 15-20 of the most common 8088 
system components onto one. The 80188 provides two times greater throughput than the standard 5 MHz 
8088. The 80188 is upward compatible with 8086 and 8088 software and adds 10 new instruction types to the 
existing set. 
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Figure 2.80188Pinout Diagram 
9-152 


Symbol 
Pin No. 
Type 
Name and Function 


Vcc 
9 
I 
SYSTEM 
POWER: + 5 volt power supply. 


43 
I 


Vss 
26 
I 
SYSTEM 
GROUND 
60 
I 


RESET 
57 
0 
RESET OUTPUT: 
Indicates 
that the 80188 CPU is being reset, and 


can be used as a system reset. It is active HIGH, synchronized 
with 


the processor 
clock, and lasts an integer number of clock periods 
corresponding 
to the length of the RES signal. 


X1 
59 
I 
CRYSTAL 
INPUTS: X1 and X2 provide external 
connections 
for a 
X2 
58 
0 
fundamental 
mode parallel resonant 
crystal for the internal 


oscillator. 
Instead of using a crystal, an external 
clock may be 


applied to X1 while minimizing 
stray capacitance 
on X2. The input 


or oscillator 
frequency 
is internally 
divided by two to generate 
the 


clock signal (CLKOUT). 


CLKOUT 
56 
0 
CLOCK OUTPUT: 
Provides the system with a 50% duty cycle 


waveform. 
All device pin timings are specified 
relative to CLKOUT. 


RES 
24 
I 
PROCESSOR 
RESET: Causes the 80188 to immediately 
terminate 


its present activity, clear the internal logic, and enter a dormant 
state. This signal may be asynchronous 
to the 80188 clock. The 


80188 begins fetching 
instructions 
approximately 
6% clock cycles 


after RES is returned 
HIGH. For proper initialization, 
Vcc must be 


within specifications 
and the clock signal must be stable for more 


than 4 clocks with RES held low. RES is internally 
synchronized. 


This input is provided 
with a Schmitt-trigger 
to facilitate 
power-on 


RES generation 
via an RC network. 
When RES occurs, the 80188 


will drive the status lines to an inactive level for one clock, and then 
float them. 


TEST 
47 
I 
TEST: Is examined 
by the WAIT instruction. 
If the TEST input is 


HIGH when "WAIT" 
execution 
begins, instruction 
execution 
will 


suspend. 
TEST will be resampled 
until it goes LOW, at which time 


execution 
will resume. If interrupts 
are enabled while the 80188 is 


waiting for TEST, interrupts 
will be serviced. 
This input is 


synchronized 
internally. 


TMR IN 0 
20 
I 
TIMER INPUTS: Are used either as clock or control 
signals, 


TMR IN 1 
21 
I 
depending 
upon the programmed 
timer mode. These inputs are 


active HIGH (or LOW-to-HIGH 
transitions 
are counted) 
and 
internally 
synchronized. 


TMR OUT 0 
22 
0 
TIMER OUTPUTS: 
Are used to provide single pulse or continuous 
TMROUT 
1 
23 
0 
waveform 
generation, 
depending 
upon the timer mode selected. 


DRQO 
18 
I 
DMA REQUEST: 
Is asserted 
HIGH by an external device when it is 
DRQ1 
19 
I 
ready for DMA Channel 
0 or 1 to perform 
a transfer. 
These signals 


are level-triggered 
and internally 
synchronized. 


NMI 
46 
I 
NON·MASKABLE 
INTERRUPT: 
Causes a Type 2 interrupt. 
An NMI 


transition 
from LOW to HIGH is latched and synchronized 
internally, 


and initiates the interrupt at the next instruction 
boundary. 
NMI 


must be asserted 
for at least one clock. The Non-Maskable 
Interrupt 
cannot 
be avoided 
by programming. 


INTO 
45 
I 
MASKABLE 
INTERRUPT 
REQUESTS: 
Can be requested 
by 
INT1 
44 
I 
activating 
one of these pins. When configured 
as inputs, these pins 
INT2/INTAO 
42 
I/O 
are active HIGH. Interrupt 
Requests 
are synchronized 
internally. 
INT3/fNfAl 
41 
I/O 
INT2 and INT3 may be configured 
to provide active-LOW 
interrupt- 
acknowledge 
output signals. All interrupt 
inputs may be configured 
to be either edge- or level-triggered. 
To ensure recognition, 
all 
interrupt 
requests 
must remain active until the interrupt 
is 


acknowledged. 
When slave mode is selected, 
the function 
of these 


pins changes 
(see Interrupt Controller 
section of this data sheet). 


Symbol 
Pin No. 
Type 
Name and Function 


A19/S6 
65 
0 
ADDRESS 
BUS OUTPUTS 
(16-19) 
and BUS CYCLE 
STATUS 
(3- 
A18/S5 
66 
0 
6): Indicate the four most significant 
address bits during T1. These 
A17/S4 
67 
0 
signals are active HIGH. During T2. T3, Tw. and T4. status 
A16/S3 
68 
0 
information 
is available 
on these lines as encoded 
below: 


I 
Low 
High 


S6 
Processor 
Cycle 
DMACycle 


S3. S4. and S5 are defined as LOW during T2- T4. The status pins 
float during HOLD/HLDA. 


AD7 
2 
I/O 
ADDRESS/DATA 
BUS (0-7): Signals constitute 
the time multiplexed 
AD6 
4 
I/O 
memory or I/O address 
(T 1) and data (T2. T3. Tw. and T4) bus. The 
AD5 
6 
I/O 
bus is active HIGH. 
AD4 
8 
I/O 


AD3 
11 
I/O 


AD2 
13 
I/O 


AD1 
15 
I/O 


ADO 
17 
I/O 


A15 
1 
0 
ADDRESS-ONLY 
BUS (8-15): Containing 
valid address from T1-T4. 
A14 
3 
0 
The bus is active HIGH. 
A13 
5 
0 


A12 
7 
0 


A11 
10 
0 


A10 
12 
0 


A9 
14 
0 


A8 
16 
0 


S7 
64 
0 
This signal is HIGH to indicate that the 80188 has an 8-bit data bus. 
S7 floats during HOLD. 


ALE/QSO 
61 
0 
ADDRESS 
LATCH 
ENABLE/QUEUE 
STATUS 
0: Is provided 
by the 


80188 to latch the address. ALE is active HIGH. Addresses 
are 


guaranteed 
to be valid on the trailing edge of ALE. The ALE rising 
edge is generated 
off the rising edge of the CLKOUT 
immediately 


preceding 
T1 of the associated 
bus cycle, effectively 
one-half 
clock 


cycle earlier than in the 8088. The trailing edge is generated 
off the 


CLKOUT 
rising edge in T1 as in the 8088. Note that ALE is never 


floated. 


WR/QS1 
63 
0 
WRITE STROBE/QUEUE 
STATUS 
1: Indicates 
that the data on the 


bus is to be written into a memory or an I/O device. WR is active for 
T2, T3, and Tw of any write cycle. It is active LOW. and floats during 
HOLD. When the 80188 is in queue status mode. the ALE/QSO 
and 


WR/QS1 
pins provide information 
about processor/instruction 
queue interaction. 


QS1 
QSO 
Queue 
Operation 


0 
0 
No Queue Operation 


0 
1 
First Opcode 
Byte Fetched 


from the Queue 


1 
1 
Subsequent 
Byte Fetched 


from the Queue 


1 
0 
Empty the Queue 


inter 


Symbol 
Pin No. 
Type 
Name and Function 


RD/QSMD 
62 
I/O 
READ STROBE: 
Is an active LOW signal which indicates 
that the 
80188 is performing 
a memory or I/O read cycle. It is guaranteed 
not 
to go LOW before the AID 
bus is floated. An internal 
pull-up ensures 
that RD is HIGH during RESET. Following 
RESET the pin is sampled 


t 
to determine 
whether 
the 80188 is to provide ALE, RD, and WR, or 
queue status informatio.!!.:...Toenable Queue Status Mode, RD must 
be connected 
to GND. RD will float during bus hold. 


ARDY 
55 
I 
ASYNCHRONOUS 
READY: Informs the 80188 that the addressed 
memory space or I/O device will complete 
a data transfer. 
The 
ARDY pin accepts 
a rising edge that is asynchronous 
to CLKOUT 
and is active HIGH. The falling edge of ARDY must be synchronized 
to the 80188 clock. Connecting 
ARDY HIGH will always assert the 
ready condition 
to the CPU. If this line is unused, it should be tied 
LOW to yield control 
to the SRDY pin. 


SRDY 
49 
I 
SYNCHRONOUS 
READY: Informs the 80188 that the addressed 
memory space or I/O device will complete 
a data transfer. 
The 
SRDY pin accepts 
an active-HIGH 
input synchronized 
to CLKOUT. 
The use of SRDY allows a relaxed system timing over ARDY. This is 
accomplished 
by elimination 
of the one-half 
clock cycle required to 
internally 
synchronize 
the ARDY input signal. Connecting 
SRDY high 
will always assert the ready condition 
to the CPU. If this line is 
unused, it should be tied LOW to yield control to the ARDY pin. 
LOCi< 
48 
0 
LOCK: Output indicates 
that other system bus masters are not to 
gain control 
of the system bus while LOCK is active LOW. The LOCK 
signal is requested 
by the LOCK prefix instruction 
and is activated 
at 
the beginning 
of the first data cycle associated 
with the instruction 
following 
the LOCK prefix. It remains active until the completion 
of 
that instruction. 
No instruction 
prefetching 
will occur while LOCK is 
asserted. 
When executing 
more than one LOCK instruction, 
always 
make sure there are 6 bytes of code between 
the end of the first 
LOCK instruction 
and the start of the second 
LOCK instruction. 


LOCK is active LOW, is driven HIGH for one clock during RESET, 
and then floated. 


SO 
52 
0 
BUS CYCLE STATUS 
SO-S2: Are encoded 
to provide bus- 
Sf 
53 
0 
transaction 
information: 
52 
54 
0 
80188 Bus Cycle Status 
Information 


S2 
S1 
SO 
Bus Cycle Initiated 


0 
0 
0 
Interrupt 
Acknowledge 
0 
0 
1 
Read I/O 
0 
1 
0 
Write I/O 
0 
1 
1 
Halt 
1 
0 
0 
Instruction 
Fetch 
1 
0 
1 
Read Data from Memory 
1 
1 
0 
Write Data to Memory 
1 
1 
1 
Passive (no bus cycle) 


The status pins float during "HOLD." 
S2 may be used as a logical MilO 
indicator, 
and S1 as a DT/Fi 
indicator. 


Symbol 
Pin No. 
Type 
Name and Function 


HOLD (input) 
50 
I 
HOLD: Indicates 
that another 
bus master is requesting 
the local bus. 


HLDA (output) 
51 
0 
The HOLD input is active HIGH. HOLD may be asynchronous 
with 


respect to the 80188 clock. The 80188 will issue a HLDA in response 
to a HOLD request at the end of T4 or Tj. Simultaneous 
with the 
issuance 
of HLDA, the 80188 will float the local bus and control 


lines. After HOLD is detected 
as being LOW, the 80188 will lower 


HLDA. When the 80188 needs to run another 
bus cycle, it will again 


drive the local bus and control 
lines. 


UCS 
34 
0 
UPPER MEMORY 
CHIP SELECT: 
Is an active LOW output 


whenever 
a memory reference 
is made to the defined 
upper portion 
(1K-256K 
block) of memory. This line is not floated 
during bus 


HOLD. The address range activating UCS is software 
programmable. 
LCS 
33 
0 
LOWER 
MEMORY 
CHIP SELECT: 
Is active LOW whenever 
a 


memory reference 
is made to the defined 
lower portion 
(1K-256K) 


of memory. This line is not floated 
during bus HOLD. The address 


range activating LCS is software 
programmable. 


MeSO 
38 
0 
MID·RANGE 
MEMORY 
CHIP SELECT 
SIGNALS: 
Are active LOW 
MCS1 
37 
0 
when a memory reference 
is made to the defined 
mid·range 
portion 
MCS2 
36 
0 
of memory (8K-512K). 
These lines are not floated 
during bus HOLD. 
MCS3 
35 
0 
The address ranges activating 
MCSO-3 
are software 
programmable. 


PCSO 
25 
0 
PERIPHERAL 
CHIP SELECT 
SIGNALS 
0-4: 
Are active LOW when 
PCS1 
27 
0 
a reference 
is made to the defined 
peripheral 
area (64K byte I/O 
PCS2 
28 
0 
space). These lines are not floated 
during bus HOLD. The address 
PCS3 
29 
0 
ranges activating 
PCSO-4 
are software 
programmable. 


PCS4 
30 
0 


PCS5/A1 
31 
0 
PERIPHERAL 
CHIP SELECT 
5 or LATCHED 
A1: May be 


programmed 
to provide a sixth peripheral 
chip select, or to provide 


an internally 
latched A 1 signal. The address range activating 
PCS5 is 


software 
programmable. 
When programmed 
to provide 
latched A 1, 


rather than PCS5, this I?in will retain the previously 
latched value of 


A 1 during a bus HOLD. A 1 is active HIGH. 


PCS6/A2 
32 
0 
PERIPHERAL 
CHIP SELECT 
6 or LATCHED 
A2: May be 


programmed 
to provide a seventh 
peripheral 
chip select, or to 
provide an internally 
latched A2 signal. The address 
range activating 


PCS6 is software 
programmable. 
When programmed 
to provide 
latched A2, rather than PCS6, this pin will retain the previously 
latched value of A2 during a bus HOLD. A2 is active HIGH. 


DT/R 
40 
0 
DATA TRANSMIT/RECEIVE: 
Controls 
the direction 
of data flow 


through an external 
data bus transceiver. 
When LOW, data is 


transferred 
to the 80188. When HIGH the 80188 places write data on 
the data bus. 


DEN 
39 
0 
DATA 
ENABLE: 
Is provided 
as a data bus transceiver 
output enable. 


DEN is active LOW during each memory and I/O access. 
DEN is 
HIGH whenever 
DT/Fi changes 
state. 


inter 


The following 
Functional 
Description 
describes 
the 


base architecture 
of the 80188. The 80188 is a very 


high 
integration 
8-bit 
microprocessor. 
It combines 


15-20 
of the most common 
microprocessor 
system 


components 
onto one chip while providing 
twice the 


performance 
of the standard 
8088. The 80188 is ob- 


ject code compatible 
with the 8086, 8088 microproc- 


essors 
and 
adds 
10 new 
instruction 
types 
to the 


8086, 8088 instruction 
set. 


The 8086, 8088, 80186, 
80188 and 80286 family all 


contain 
the same basic set of registers, 
instructions, 
and addressing 
modes. 
The 80188 
processor 
is up- 


ward 
compatible 
with the 
8086, 
8088, 
80186, 
and 


80286 
CPUs. 


The 80188 
base architecture 
has fourteen 
registers 


as shown 
in Figures 3a and 3b. These registers 
are 


grouped 
into the following 
categories. 


Eight 16·bit general 
purpose 
registers 
may be used 


for arithmetic 
and 
logical 
operands. 
Four of these 


(AX, BX, CX, and OX) can be used as 16-bit registers 
or split into pairs of separate 
8·bit registers. 


16-81T 


REGISTER 


NAME 


SPECIAL 


REGISTER 
FUNCTIONS 


BYTE 


ADDRESSABLE 
(8-BIT 


REGISTER 
NAMES 


SHOWN) 


AH 
AL 


OH 
OL 


CH 
CL 


BH 
BL 


Four 16-bit special 
purpose 
registers 
select, 
at any 


given time, the segments 
of memory 
that are imme- 


diately 
addressable 
for code, 
stack, 
and data. 
(For 


usage, refer to Memory 
Organization.) 


Four of the general 
purpose 
registers 
may also be 


used to determine 
offset 
addresses 
of operands 
in 


memory. These registers 
may contain 
base address- 


es or indexes 
to particular 
locations 
within 
a seg- 


ment. The addressing 
mode selects the specific 
reg- 


isters for operand 
and address 
calculations. 


Two 16-bit special 
purpose 
registers 
record 
or alter 


certain 
aspects 
of the 80188 processor 
state. These 


are the Instruction 
Pointer 
Register, 
which 
contains 


the offset 
address 
of the next sequential 
instruction 


to be executed, 
and the Status Word Register, which 


contains 
status and control 
flag bits (see Figures 3a 


and 3b). 


The Status Word records 
specific 
characteristics 
of 


the result of logical 
and arithmetic 
instructions 
(bits 


0, 2, 4, 6, 7, and 11) and controls 
the operation 
of 


the 80188 within 
a given operating 
mode (bits 8, 9, 


and 10). The Status 
Word 
Register 
is 16-bits 
wide. 


The 
function 
of the 
Status 
Word 
bits is shown 
in 


Table 2. 
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cs 
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CODe 
SEGMENT 
SELECTOR 


OS 
DATA SEGMENT 
SELECTOR 


ss 
STACK 
SEGMENT 
SELECTOR 


ES 
EXTRA 
SEGMENT 
SELECTOR 


SEGMENT 
REGISTERS 


" 


F 


I 


STATUS 
WORD 


,p 
INSTRUCTION 
POINTER 


STATUS 
AND CONTROL 
REGISTERS 


inter 


STATUS 
FLAGS 


CARRY 
--------------- 


PARITY 
--------------- 


AUXILIARY 
CARRY 


ZERO 


SIGN 


OVERFlOW~ 


15 
14 
13 
12 
+ 11 
10 


CONTROL 
FLAGS 


TRAP flAG 


------- 
INTERRUPT 
ENABLE 
DIRECTION nAG 


Figure 
3b. Status 
Word 
Format 


Table 
2. Status 
Word 
Bit Functions 
Instruction Set 


Bit 
Name 
Function 
Position 


0 
CF 
Carry Flag-8et 
on high-order 
bit carry or borrow; cleared 
otherwise 
. 


2 
PF 
Parity Flag-Set 
if low-order 
8 bits of result contain an even 
number of 1-bits; cleared 
otherwise 


4 
AF 
Set on carry from or borrow to 
the low order four bits of AL; 
cleared otherwise 


6 
ZF 
Zero Flag-Set 
if result is zero; 
cleared otherwise 


7 
SF 
Sign Flag-8et 
equal to high- 
order bit of result (0 if positive, 
1 if negative) 


8 
TF 
Single Step Flag-0nce 
set, a 
single step interrupt 
occurs 
after the next instruction 
executes. 
TF is cleared 
by the 
single step interrupt. 


9 
IF 
Interrupt-Enable 
Flag-When 
set, maskable 
interrupts 
will 
cause the CPU to transfer 
control to an interrupt vector 
specified 
location. 


10 
OF 
Direction 
Flag-Gauses 
string 
instructions 
to auto decrement 
the appropriate 
index register 
when set. Clearing 
OF causes 
auto increment. 


11 
OF 
Overflow 
Flag-Set 
if the 
signed result cannot be 
expressed 
within the number 
of bits in the destination 
operand; 
cleared otherwise 


The instruction 
set is divided 
into seven categories: 


data 
transfer, 
arithmetic, 
shift/rotate/logical, 
string 
manipulation, 
control 
transfer, 
high-level 
instruc- 
tions, 
and processor 
control. 
These 
categories 
are 
summarized 
in Figure 4. 


An 80188 
instruction 
can reference 
anywhere 
from 
zero to several 
operands. 
An operand 
can reside in 
a register, in the instruction 
itself, or in memory. 
Spe- 
cific operand 
addressing 
modes 
are discussed 
later 
in this data sheet. 


Memory Organization 


Memory 
is organized 
in sets of segments. 
Each seg- 
ment is a linear contiguous 
sequence 
of up to 64K 
(216) 8-bit bytes. Memory 
is addressed 
using a two- 
component 
address 
(a pointer) that consists 
of a 16- 
bit base 
segment 
and 
a 16-bit 
offset. 
The 
16-bit 
base 
values 
are contained 
in one 
of four 
internal 
segment 
registers 
(code, 
data, 
stack, 
extra). 
The 
physical 
address 
is calculated 
by shifting 
the base 
value LEFT by four bits and adding the 16-bit offset 
value to yield a 20-bit physical 
address 
(see Figure 
5). This allows for a 1 MByte physical 
address 
size. 


All 
instructions 
that 
address 
operands 
in memory 
must specify the base segment 
and the 16-bit offset 
value. For speed and compact 
instruction 
encoding, 


the segment 
register 
used for physical 
address 
gen- 
eration 
is implied by the addressing 
mode used (see 
Table 
3). These 
rules follow 
the way programs 
are 
written 
(see Figure 6) as independent 
modules 
that 
require areas for code and data, a stack, and access 
to external 
data areas. 


Special 
segment 
override 
instruction 
prefixes 
allow 
the 
implicit 
segment 
register 
selection 
rules 
to be 
overridden 
for special 
cases. 
The stack, 
data, and 
extra segments 
may coincide 
for simple 
programs. 


inter 


GENERAL 
PURPOSE 


MOV 
Move byte or word 


PUSH 
Push word onto stack 


POP 
Pop word off stack 


PUSHA 
Push all registers 
on stack 


paPA 
Pop all registers 
from stack 


XCHG 
Exchange 
byte or word 


XLAT 
Translate 
byte 


INPUT/OUTPUT 


IN 
Input byte or word 


OUT 
Output byte or word 


ADDRESS 
OBJECT 


LEA 
Load effective 
address 


LOS 
Load pointer 
using OS 


LES 
Load pointer 
using ES 


FLAG TRANSFER 


LAHF 
Load AH register from flags 


SAHF 
Store AH register 
in flags 


PUSHF 
Push flags onto stack 


POPF 
Pop flags off stack 


ADDITION 


ADD 
Add byte or word 


ADC 
Add byte or word with carry 


INC 
Increment 
byte or word by 1 


AAA 
ASCII adjust for addition 


DAA 
Decimal 
adjust for addition 


SUBTRACTION 


SUB 
Subtract 
byte or word 


SBB 
Subtract 
byte or word with borrow 


DEC 
Decrement 
byte or word by 1 


NEG 
Negate 
byte or word 


CMP 
Compare 
byte or word 


AAS 
ASCII adjust for subtraction 


DAS 
Decimal 
adjust for subtraction 


MULTIPLICATION 


MUL 
Multiply 
byte or word unsigned 


IMUL 
Integer 
multiply 
byte or word 


AAM 
ASCII adjust for multiply 


DIVISION 


DIV 
Divide byte or word unsigned 


IDIV 
Integer divide byte or word 


AAD 
ASCII adjust for division 


CBW 
Convert 
byte to word 


CWO 
Convert 
word to doubleword 


MOVS 
Move byte or word string 


INS 
Input bytes or word string 


OUTS 
Output 
bytes or word string 


CMPS 
Compare 
byte or word string 


SCAS 
Scan byte or word string 


LaDS 
Load byte or word string 


STOS 
Store byte or word string 


REP 
Repeat 


REPE/REPZ 
Repeat 
while equal/zero 


REPNE/REPNZ 
Repeat 
while not equal/not 
zero 


LOGICALS 


NOT 
"Not" 
byte or word 


AND 
"And" 
byte or word 


OR 
"Inclusive 
or" byte or word 


XOR 
"Exclusive 
or" byte or word 


TEST 
"Test" 
byte or word 


SHIFTS 


SHlISAL 
Shift logical! arithmetic 
left byte or word 


SHR 
Shift logical right byte or word 


SAR 
Shift arithmetic 
right byte or word 


ROTATES 


ROL 
Rotate 
left byte or word 


ROR 
Rotate 
right byte or word 


RCL 
Rotate through 
carry left byte or word 


RCR 
Rotate through 
carry right byte or word 


FLAG OPERATIONS 


STC 
Set carry flag 


CLC 
Clear carry flag 


CMC 
Complement 
carry flag 


STD 
Set direction 
flag 


CLD 
Clear direction 
flag 


STI 
Set interrupt 
enable flag 


CLI 
Clear interrupt 
enable flag 


EXTERNAL 
SYNCHRONIZATION 


HLT 
Halt until interrupt 
or reset 


WAIT 
Wait for TEST pin active 


ESC 
Escape to extension 
processor 


LOCK 
Lock bus during next instruction 


NO OPERATION 


Nap 
No operation 


HIGH LEVEL 
INSTRUCTIONS 


ENTER 
Format stack for procedure 
entry 


LEAVE 
Restore 
stack for procedure 
exit 


BOUND 
Detects 
values outside 
prescribed 
range 


inter 


CONDITIONAL 
TRANSFERS 


JA/JNBE 
Jump if above/not 
below nor equal 


JAE/JNB 
Jump if above or equal/not 
below 


JB/JNAE 
Jump if below/not 
above nor equal 


JBE/JNA 
Jump if below or equal/not 
above 


JC 
Jump if carry 


JE/JZ 
Jump if equal/zero 


JG/JNLE 
Jump if greater/not 
less nor equal 


JGE/JNL 
Jump if greater 
or equal/not 
less 


JUJNGE 
Jump if less/not 
greater 
nor equal 


JLE/JNG 
Jump if less or equal/not 
greater 


JNC 
Jump if not carry 


JNE/JNZ 
Jump if not equal/not 
zero 


JNO 
Jump if not overflow 


JNP/JPO 
Jump if not parity/parity 
odd 


JNS 
Jump if not sign 


JO 
Jump if overflow 


JP/JPE 
Jump if parity/parity 
even 


JS 
Jump if sign 


UNCONDITIONAL 
TRANSFERS 


CALL 
Call procedure 


RET 
Return from procedure 


JMP 
Jump 


ITERATION 
CONTROLS 


LOOP 
Loop 


LOOPE/LOOPZ 
Loop if equal/zero 


LOOPNE/LOOPNZ 
Loop if not equal/not 
zero 


JCXZ 
Jump if register 
CX = 0 


INTERRUPTS 


INT 
Interrupt 


INTO 
Interrupt 
if overflow 


IRET 
Interrupt 
return 


To access 
operands 
that do not reside in one of the 
four 
immediately 
available 
segments, 
a full 
32-bit 
pointer 
can be used to reload 
both the base (seg- 
ment) and offset values. 
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and 
immediate 
data. 


Stack 
Stack (SS) 
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references 
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Register as a base 
register. 
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Extra (ES) 
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Data 
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(Global) 
the 01 register as an 
index. 
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Figure 
6. Segmented 
Memory 
Helps 
Structure 
Software 


Addressing 
Modes 


The 80188 provides eight categories of addressing 
modes to specify operands. Two addressing modes 
are provided for instructions that operate on register 
or immediate operands: 


• 
Register 
Operand 
Mode: The operand is located 
in one of the 8- or 16-bit general registers. 


• 
Immediate 
Operand 
Mode: 
The operand is in- 
cluded in the instruction. 


Six modes are provided to specify the location of an 
operand in a memory segment. A memory operand 
address consists of two 16-bit components: a seg- 
ment base and an offset. The segment base is sup- 
plied by a 16-bit segment register either implicitly 
chosen by the addressing mode or explicitly chosen 
by a segment override prefix. The offset, also called 
the effective address, is calculated by summing any 
combination of the following three address ele- 
ments: 
• the displacement 
(an 8- or 16-bit immediate value 
contained in the instruction); 


• the base (contents of either the BX or BP base 
registers); and 
• the index (contents of either the 51 or 01 index 
registers). 


Any carry out from the 16-bit addition is ignored. 
Eight-bit displacements are sign extended to 16-bit 
values. 


Combinations of these three address elements de- 
fine the six memory addressing modes, described 
below. 


• 
Direct Mode: The operand's offset is contained in 
the instruction as an 8- or 16-bit displacement el- 
ement. 


• 
Register 
Indirect 
Mode: The operand's offset is in 
one of the registers 51, 01, BX, or BP. 


• 
Based Mode: The operand's offset is the sum of 
an 8- or 16-bit displacement and the contents of 
a base register (BX or BP). 


• 
Indexed 
Mode: The operand's offset is the sum 
of an 8- or 16-bit displacement and the contents 
of an index register (51 or 01). 


• 
Based Indexed 
Mode: The operand's offset is the 
sum of the contents of a base register and an 
index register. 


• 
Based Indexed 
Mode with Displacement: 
The op- 
erand's offset is the sum of a base register's con- 
tents, an index register's contents, and an 8- or 
16-bit displacement. 


Data Types 


The 80188 directly supports the following 
data 
types: 


• 
Integer: A signed binary numeric value contained 
in an 8-bit byte or a 16-bit word. All operations 
assume 
a 
2's 
complement 
representation. 


Signed 32- and 64-bit integers are supported us- 
ing an 8087 Numeric Data Coprocessor with the 
80188. 


• 
Ordinal: 
An unsigned binary numeric value con- 
tained in an 8-bit byte or a 16-bit word. 


• 
Pointer: A 16- or 32-bit quantity, composed of a 
16-bit offset component or a 16-bit segment base 
component in addition to a 16-bit offset compo- 
nent. 


• 
String: A contiguous sequence of bytes or words. 
A string may contain from 1 to 64K bytes. 


• ASCII: A byte representation of alphanumeric and 
control characters using the ASCII standard of 
character representation. 


• 
BCD: A byte (unpacked) representation of the 
decimal digits 0-9. 


• 
Packed 
BCD: A byte (packed) representation of 
two decimal digits (0-9). One digit is stored in 
each nibble (4-bits) of the byte. 


• 
Floating 
Point· A signed 32-, 64-, or 80-bit real 
number representation. (Floating point operands 
are supported using an 8087 Numeric Data Co- 
processor with the 80188.) 


In general, individual data elements must fit within 
defined segment limits. Figure 7 graphically repre- 
sents the data types supported by the 80188. 


The I/O space consists of 64K 8-bit or 32K 16-bit 
ports. Separate instructions address the I/O space 
with either an 8·bit port address, specified in the in- 
struction, or a 16·bit port address in the OX register. 
8-bit port addresses are zero extended such that 
A1s-Ae 
are LOW. I/O 
port addresses 00F8(H) 
through OOFF(H)are reserved. 


An interrupt transfers execution to a new program 
location. The old program address (CS:IP) and ma- 
chine state (Status Word) are saved on the stack to 
allow resumption of the interrupted program. Inter- 
rupts fall into three classes: hardware initiated, INT 
instructions, and instruction exceptions. Hardware 
initiated interrupts occur in response to an external 
input and are classified as non-maskable or mask- 
able. 
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Programs may cause an interrupt with an INT in- 
struction. Instruction exceptions occur when an un- 
usual condition, which prevents further instruction 
processing, is detected while attempting to execute 
an instruction. If the exception was caused by exe- 
cuting an ESe instruction with the ESe trap bit set in 
the relocation register, the return instruction will 
point to the ESe instruction, or to the segment over- 
ride prefix immediately preceding the ESe instruc- 
tion if the prefix was present. In all other cases, the 


return address from an exception will point at the 
instruction 
immediately following 
the 
instruction 


causing the exception. 


A table containing up to 256 pointers defines the 
proper interrupt service routine for each interrupt. In- 
terrupts 0-31, some of which are used for instruc- 
tion exceptions, are reserved. Table 4 shows the 
80188 predefined types and default priority levels. 
For each interrupt, an 8-bit vector must be supplied 
to the 80188 which identifies the appropriate table 
entry. Exceptions supply the interrupt vector inter- 
nally. In addition, internal peripherals and noncas- 
caded external interrupts will generate their own 
vectors through the internal interrupt controller. INT 
instructions contain or imply the vector and allow 
access to all 256 interrupts. Maskable hardware ini- 
tiated interrupts supply the 8-bit vector to the epu 
during an interrupt acknowledge bus sequence. 
Non-maskable hardware interrupts use a predefined 
internally supplied vector. 


The 80188 can service interrupts generated by soft- 
ware or hardware. The software interrupts are gen- 
erated by specific instructions (INT, ESe, unused 
OP, etc.) or the results of conditions specified by 
instructions (array bounds check, INTO, OIV, IOIV, 
etc.). All interrupt sources are serviced by an indirect 
call through an element of a vector table. This vector 
table is indexed by using the interrupt vector type 
(Table 4), multiplied by four. All hardware-generated 
interrupts are sampled at the end of each instruc- 
tion. Thus, the software interrupts will begin service 
first. Once the service routine is entered and inter- 
rupts are enabled, any hardware source of sufficient 
priority can interrupt the service routine in progress. 


The software generated 80188 interrupts are de- 
scribed below. 


Generated when a OIV or IOIV instruction quotient 
cannot be expressed in the number of bits in the 
destination. 


Generated after most instructions if the TF flag is 
set. Interrupts will not be generated after prefix in- 
structions (e.g., REP), instructions which modify seg- 
ment registers (e.g., POP OS), or the WAIT instruc- 
tion. 


An 
external 
interrupt 
source 
which 
cannot 
be 


masked. 


inter 


Interrupt 
Vector 
Vector 
Default 
Related 
Applicable 


Name 
Type 
Address 
Priority 
Instructions 
Notes 


Divide Error 
0 
OOH 
1 
DIV,IDIV 
1 
Exception 
Single Step 
1 
04H 
1A 
All 
2 
Interrupt 
Non-Maskable 
2 
08H 
1 
All 
Interrupt 
(NMI) 
INT 
Breakpoint 
3 
OCH 
1 
1 
Interrupt 
INTO Detected 
4 
10H 
1 
INTO 
1 
Overflow 
Exception 
Array Bounds 
5 
14H 
1 
BOUND 
1 
Exception 
Unused Opcode 
6 
18H 
1 
Undefined 
1 
Exception 
Opcodes 
ESCOpcode 
7 
1CH 
1 
ESCOpcodes 
1,3 
Exception 
Timer 0 Interrupt 
8 
20H 
2A 
4 
Timer 1 Interrupt 
18 
48H 
2B 
4 
Timer 2 Interrupt 
19 
4CH 
2C 
4 
Reserved 
9 
24H 
3 
DMA 0 Interrupt 
10 
28H 
4 
DMA 1 Interrupt 
11 
2CH 
5 
INTO Interrupt 
12 
30H 
6 
INT1 Interrupt 
13 
34H 
7 
INT2 Interrupt 
14 
38H 
8 
INT3 Interrupt 
15 
3CH 
9 
Reserved 
16,17 
40H,44H 


-Reserved 
20-31 
50H ... 
7CH 


NOTES: 
Default 
priorities 
for the interrupt 
sources 
are used only if the user does not program 
each source 
into a unique 
priority 
level. 


1. Generated 
as a result of an instruction 
execution. 
2. Performed 
in same manner 
as 8088. 
3. An ESe opcode 
will cause 
a trap if the power 
bit is set in the peripheral 
control 
block 
relocation 
register. 


4. All three 
timers 
constitute 
one source 
of request 
to the interrupt 
controller. 
As such, they share the same priority 
level with 
respect 
to other 
interrupt 
sources. 
However, 
the timers 
have a defined 
priority 
order 
among 
themselves 
(2A > 28 > 2C). 


A one-byte 
version 
of the INT instruction. 
It uses 12 


as an index 
into the service 
routine 
address 
table 


(because 
it is a type 3 interrupt). 


INTO DETECTED 
OVERFLOW 
EXCEPTION 


(TYPE 
4) 


Generated 
during an INTO instruction 
if the OF bit is 


set. 


Generated 
during 
a BOUND 
instruction 
if the array 


index is outside 
the array bounds. The array bounds 


are located 
in memory at a location 
indicated 
by one 


of the instruction 
operands. 
The other operand 
indi- 


cates the value of the index to be checked. 


Generated 
if execution 
is attempted 
on undefined 
opcodes. 


Generated 
if execution 
is attempted 
of ESC opcodes 
(D8H-DFH). 
This exception 
will only be generated 
if 


a bit in the relocation 
register 
is set. The return 
ad- 
dress of this exception 
will point to the ESC instruc- 


tion 
causing 
the 
exception. 
If a segment 
override 
prefix 
preceded 
the ESC instruction, 
the return 
ad- 
dress will point to the segment 
override 
prefix. 


Hardware-generated 
interrupts 
are divided 
into two 
groups: 
maskable 
interrupts 
and 
non-maskable 
in- 
terrupts. 
The 80188 provides 
maskable 
hardware 
in- 


inter 


terrupt request pins INTO-INTS. In addition, mask- 
able interrupts may be generated by the 80188 inte- 
grated DMA controller and the integrated timer unit. 
The vector types for these interrupts are shown in 
Table 4. Software enables these inputs by setting 
the Interrupt Flag bit (IF) in the Status Word. The 
interrupt controller is discussed in the peripheral 
section of this data sheet. 


Further maskable interrupts are disabled while serv- 
icing an interrupt because the IF bit is reset as part 
of the response to an interrupt or exception. The 
saved Status Word will reflect the enable status of 
the processor prior to the interrupt. The interrupt flag 
will remain zero unless specifically set. The interrupt 
return instruction restores the Status Word, thereby 
restoring the original status of IF bit. If the interrupt 
return re-enables interrupts, and another interrupt is 
pending, the 80188 will immediately service the 
highest-priority interrupt pending, Le., no instructions 
of the main line program will be executed. 


A non-maskable interrupt (NMI) is also provided. 
This interrupt is serviced regardless of the state of 
the IF bit. A typical use of NMI would be to activate a 
power failure routine. The activation of this input 
causes an interrupt with an internally supplied vector 
value of 2. No external interrupt acknowledge se- 
quence is performed. The IF bit is cleared at the 
beginning of an NMI interrupt to prevent maskable 
interrupts from being serviced. 


The 80188 has an internal interrupt that allows pro- 
grams to execute one instruction at a time. It is 
called the single-step interrupt and is controlled by 
the single-step flag bit (TF) in the Status Word. Once 
this bit is set, an internal single-step interrupt will 
occur after the next instruction has been executed. 
The interrupt clears the TF bit and uses an internally 
supplied vector of 1. The IRET instruction is used to 
set the TF bit and transfer control to the next instruc- 
tion to be single-stepped. 


Processor initialization or startup is accomplished by 
driving the RES input pin LOW. RES forces the 
80188 to terminate all execution and local bus activi- 
~o 
instruction or bus activity will occur as long as 
RES is active. After RES becomes inactive and an 
internal processing interval elapses, the 80188 be- 
gins execution with the instruction at physical loca- 
tion FFFFO(H).RES also sets some registers to pre- 
defined values as shown in Table 5. 


Table 5. 80188 Initial Register 
State after RESET 


Status Word 
F002(H) 
Instruction Pointer 
OOOO(H) 


Code Segment 
FFFF(H) 
Data Segment 
OOOO(H) 


Extra Segment 
OOOO(H) 


Stack Segment 
OOOO(H) 


Relocation Register 
20FF(H) 
UMCS 
FFFB(H) 


THE 80188 COMPARED 
TO 
THE 80186 


The 80188 CPU is an 8-bit processor designed 
around the 80186 internal structure. Most internal 
functions of the 80188 are identical to the equivalent 
80186 functions. The 80188 handles the external 
bus the same way the 80186 does with the distinc- 
tion of handling only 8 bits at a time. Sixteen bit op- 
erands are fetched or written in two consecutive bus 
cycles. Both processors will appear identical to the 
software engineer, with the exception of execution 
time. The internal register structure is identical and 
all instructions have the same end result. The differ- 
ences between the 80188 and the 80186 are out- 
lined below. Internally, there are three differences 
between the 80188 and the 80186. All changes are 
related to the 8-bit bus interface. 


• The queue length is 4 bytes in the 80188, where- 
as the 80186 queue contains 6 bytes, or three 
words. The queue was shortened to prevent 
overuse of the bus by the BIU when prefetching 
instructions. This was required because of the 
additional time necessary to fetch instructions 8 
bits at a time. 
• To further optimize the queue, the prefetching al- 
gorithm was changed. The 80188 BIU will fetch a 
new instruction to load into the queue each time 
there is a 1-byte hole (space available) in the 
queue. The 80186 waits until a 2-byte space is 
available. 


• The internal execution time of the instruction is 
affected by the 8-bit interface. All 16-bit fetches 
and writes from/to 
memory take an additional 
four clock cycles. The CPU may also be limited 
by the speed of instruction fetches when a series 
of simple operations occur. When the more so- 
phisticated instructions of the 80188 are being 
used, the queue has time to fill and the execution 
proceeds as fast as the execution unit will allow. 


The 80188 and 80186 are completely software com- 
patible by virtue of their identical execution units. 
Software that is system dependent may not be com- 
pletely transferable, but software that is not system 
dependent will operate equally well on an 80188 or 
an 80186. 
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The hardware interface of the 80188 contains the 
major differences between the two CPUs. The pin 
assignments are nearly identical, however, with the 
following functional changes. 
• A8- A15- These pins are only address outputs 
on the 80188. These address lines are latched 
internally and remain valid throughout a bus cycle 
in a manner similar to the 8085 upper address 
lines. 
• BHE has no meaning on the 80188 and has been 
eliminated. 


The 80188 provides an on-chip clock generator for 
both internal and external clock generation. The 
clock generatOrfeatures a crystal oscillator, a divide- 
by-two counter, synchronous and asynchronous 
ready inputs, and reset circuitry. 


The oscillator circuit of the 80188 is designed to be 
used with a parallel resonant fundamental mode 
crystal. This is used as the time base for the 80188. 
The crystal frequency selected will be double the 
CPU clock frequency. Use of an LC or RC circuit is 
not recommended with this oscillator. If an external 
oscillator is used, it can be connected directly to in- 
put pin X1 in lieu of a crystal. The output of the oscil- 
lator is not directly available outside the 80188. The 
recommended crystal configuration is shown in 
Figure 8. 


Figure 8. Recommended 80188 
Crystal Configuration 


The following parameters may be used for choosing 
a crystal: 
Temperature Range: 
. 
0 to 70°C 
ESR (Equivalent Series Resistance): 
300 max 
Co (Shunt Capacitance of Crystal): 
7.0 pf max 
CL (Load Capacitance): 
20 pf ± 2 pf 
Drive Level: 
1 mW max 


The 80188 clock generator provides the 50% duty 
cycle processor clock for the 80188. It does this by 
dividing the oscillator output by 2 forming the sym- 
metrical clock. If an external oscillator is used, the 
state of the clock generator will change on the fail- 
ing edge of the oscillator signal. The CLKOUT pin 
provides the processor clock signal for use outside 
the 80188. This may be used to drive other system 
components. All timings are referenced to the output 
clock. 


READY Synchronization 


The 80188 provides both synchronous and asyn- 
chronous ready inputs. Asynchronous ready syn- 
chronization is accomplished by circuitry which sam- 
ples ARDY in the middle of T2, T3, and again in the 
middle of each Tw until ARDY is sampled HIGH. 
One-half CLKOUT cycle of resolution time is used 
for full synchronization of a rising ARDY signal. A 
high-to-Iow transition on ARDY may be used as an 
indication of the not ready condition but it must be 
performed synchronously to CLKOUT either in the 
middle of T2, T3, or TW, or at the falling edge of T3 
orTw· 


A second ready input (SRDY) is provided to inter- 
face with externally synchronized ready signals. This 
input is sampled at the end of T2, T3, and again at 
the end of each Tw until it is sampled HIGH. By 
using this input rather than the asynchronous ready 
input, the half-clock cycle resolution time penalty is 
eliminated. 


This input must satisfy set-up and hold times to guar- 
antee proper operation of the circuit. 


In addition, the 80188, as part of the integrated chip- 
select logic, has the capability to program WAIT 
states for memory and peripheral blocks. This is dis- 
cussed in the Chip Select/Ready Logic description. 


RESET Logic 


The 80188 provides both a RES input pin and a syn- 
chronized RESET outp~in 
for use with other sys- 


tem components. The RES input pin on the 80188 is 
provided with hysteresis in order to facilitate power- 
on Reset generation via an RC network. RESET is 
guaranteed to remain active for at least five clocks 
given a RES input of at least six clocks. RESET may 
be delayed up....!2..- 
approximately two and one-half 
clocks behind RES. 


Multiple 80188 processors may be synchronized 
through the RES input pin, since this input resets 


oom me processor and dlvide-by-two internal count- 
er in the clock generator. In order to insure that the 
divide-by-two counters all begin counting at the 
same time, the active going edge of RE8 must satis- 
fy a 25 ns setup time before the falling edge of the 
80188 clock input. In addition, in order to insure that 
all CPUs begin executing in the same clock cycle, 
the reset must satisfy a 25 ns setup time before the 
rising edge of the CLKOUT signal of all the proces- 
sors. 


The 80188 provides a local bus controller to gener- 
ate the local bus control signals. In addition, it em- 
ploys a HOLD/HLDA protocol for relinquishing the 
local bus to other bus masters. It also provides out- 
puts that can be used to enable external buffers and 
to direct the flow of data on and off the local bus. 


Memory/Peripheral 
Control 


The 80188 provides ALE, RD, and WR bus control 
signals. The RD and WR signals are used to strobe 
data from memory or I/O to the 80188 or to strobe 
data from the 80188 to memory or I/O. The ALE line 
provides a strobe to latch the address when it is 
valid. The 8018~cal 
bus controller does not pro- 


vide a memory/I/O signal. If this is required, use the 
82 signal (which will require external latching), make 
the memory and I/O spaces nonoverlapping, or use 
only the integrated chip-select circuitry. 


The 80188 generates two control signals for exter- 
nal transceiver chips. This capability allows the addi- 
tion of transceivers for extra buffering wi!bout adding 
external logiC.These control lines, DT/R and DEN, 
are generated to control the flow of data through the 
transceivers. The operation of these signals is 
shown in Table 6. 


Pin Name 
Function 


DEN (Data Enable) 
Enables the output 
drivers of the 
transceivers. It is active 
LOW during memory, 


DT/A (Data Transmit! 
I/O, or INTA cycles. 
Determines the direction 


Receive) 
of travel through the 
transceivers. A HIGH 
level directs data away 
from the processor 
during write operations, 
while a LOW level directs 
data toward the 
processor during a read 
operation. 


The 80188 uses a HOLD/HLDA system of local bus 
exchange. This provides an asynchronous bus ex- 
change mechanism. This means multiple masters 
utilizing the same bus can operate at separate clock 
frequencies. The 80188 provides a single HOLD/ 
HLDA pair through which all other bus masters may 
gain control of the local bus. External circuitry must 
arbitrate which external device will gain control of 
the bus when there is more than one alternate local 
bus master. When the 80188 rel~ishes 
control of 


the local bus, it floats DEN, RD, WR, 80-82, 
LOCK, 


ADO-AD7, A8-A19, 87, and DT/A to allow another 
master to drive these lines directly. 


The 80188 HOLD latency time, Le., the time be- 
tween HOLD request and HOLD acknowledge, is a 
function of the activity occurring in the processor 
when the HOLD request is received. A HOLD re- 
quest is the highest-priority activity request which 
the processor may receive: higher than instruction 
fetching or internal DMA cycles. However, if a DMA 
cycle is in progress, the 80188 will complete the 
transfer before relinquishing the bus. This implies 
that if a HOLD request is received just as a DMA 
transfer begins, the HOLD latency time can be as 
great as 4 bus cycles. This will occur if a DMA word 
transfer operation is taking place from an odd ad- 
dress to an odd address. This is a total of 16 clocks 
or more, if WAIT states are required. In addition, if 
locked transfers are performed, the HOLD latency 
time will be increased by the length of the locked 
transfer. 
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During RESET the local bus controller will perform 
the following actions: 


• Drive DEN, RD, and WR HIGH for one clock cy- 
cle, then float. 


NOTE: 
RD is also provided with an internal pull-up device 
to prevent the processor from inadvertently enter- 
ing Queue Status mode during reset. 


• Drive SO-52 to the inactive state (all HIGH) and 
then float. 


• Drive LOCK HIGH and then float. 
• Three-state ADO-7, A8-19, 57, DT/A. 
• Drive ALE LOW (ALE is never floated). 
• Drive HLDA LOW. 


All the 80188 integrated peripherals are controlled 
by 16-bit registers contained within an internal 256- 
byte control 
block. The control 
block 
may be 
mapped into either memory or I/O space. Internal 
logic will recognize control block addresses and re- 
spond to bus cycles. During bus cycles to internal 
registers, the bus controller will signal the operation 
externally (Le., the RD, WR, status, address, data, 
etc., lines will be driven as in a normal bus cycle), 
but D7-0, SRDY, and ARDY will be ignored. The 
base address of the control block must be on an 
even 256-byte boundary (Le.,the lower 8 bits of the 
base address are all zeros). All of the defined regis- 
ters within this control block may be read or written 
by the 80188 CPU at any time 


The control block base address is programmed by a 
16-bit relocation register contained within the control 
block at offset FEH from the base address of the 
control block (see Figure 9). It provides the upper 12 
bits of the base address of the control block. Note 
that mapping the control register block into an ad- 
dress range corresponding to a chip-select range is 
not recommended (the chip select circuitry is dis- 
cussed later in this data sheet. In addition, bit 12 of 
this register determines whether the control block 
will be mapped into I/O or memory space. If this bit 
is 1, the control block will be located in memory 
space. If the bit is 0, the control block will be located 
in I/O space. If the control register block is mapped 
into I/O space, the upper 4 bits of the base address 
must be programmed as 0 (since I/O addresses are 
only 16 bits wide). 


Whenever mapping the 188 peripheral control block 
to another location, the programming of the reloca- 
tion register should be done with a byte write (Le. 
OUT DX,AL). Any access to the control block is 
done 16 bits at a time. Thus, internally, the reloca- 
tion register will get written with 16 bits of the AX 
register while externally, the BIU will run only one 8 
bit bus cycle. If a word instruction is used (Le. OUT 
DX,AX),the relocation register will be written on the 
first bus cycle. The BIU will then run a second bus 
cycle which is unnecessary. The address of the sec- 
ond bus cycle will no longer be within the control 
block (Le. the control block was moved on the first 
cycle), and therefore, will require the generation of 
an external ready signal to complete the cycle. For 
this reason we recommend byte operations to the 
relocation register. Byte instructions may also be 
used for the other registers in the control block and 
will eliminate half of the bus cycles required if a word 
operation had been specified. Byte operations are 
only valid on even addresses though, and are unde- 
fined on odd addresses. 


In addition to providing relocation information for the 
control block, the relocation register contains bits 
which place the interrupt controller into slave mode, 
and cause the CPU to interrupt upon encountering 
ESC instructions. At RESET, the relocation register 
is set to 20FFH which maps the control block to start 
at FFOOH in I/O 
space. An offset map of the 
256-byte control register block is shown in Figure 
10. 


CHIP-SELECT IREADY 
GENERATION 
LOGIC 


The 80188 contains logic which provides program- 
mable chip-select generation for both memories and 
peripherals. In addition, it can be programmed to 
provide READY (or WAIT state) generation. It can 
also provide latched address bits A1 and A2. The 
chip-select lines are active for all memory and I/O 
cycles in their programmed areas, whether they be 
generated by the CPU or by the integrated DMA unit. 


Memory Chip Selects 


The 80188 provides 6 memory chip select outputs 
for 3 address areas: upper memory, lower memory, 
and midrange memory. One each is provided for up- 
per memory and lower memory, while four are pro- 
vided for midrange memory. 


The range for each chip select is user-programma- 
ble and can be set to 2K, 4K, 8K, 16K, 32K, 64K, 
128K (plus 1K and 256K for upper and lower chip 
selects). In addition, the beginning or base address 
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15 
14 
13 
12 
11 
10 
9 
6 
7 
6 
5 
4 
3 
2 
0 


OFFSET: 
FEH I ET I SLAVEIMASTER I 
X 
IMIIol 
Relocation Address Bits R19-R6 
ET 
= ESCTrap I No ESCTrap (1/0) 
MilO 
= Register block located in Memory 11/0 
Space (1/0L-- 


SLAVEl MASTER = Configure interrupt controller for SlavelMASTER Mode (1/0) 


Relocation Register 


DMA Descriptors Channell 


DMA Descriptors Channel 0 


Chip-Select Control Registers 


Timer 2 Control Registers 


Timer 1 Control Registers 


Timer 0 Control Registers 


Interrupt Controller Registers 


Figure 10. Internal Register Map 


of the midrange memory chip select may also be 
selected. Only one chip select may be programmed 
to be active for any memory location at a time. All 
chip select sizes are in bytes. 


Upper Memory CS 


The 80188 provides a chip select, called UCS, for 
the top of memory. The top of memory is usually 
used as the system memory because after reset the 
80188 
begins 
executing 
at 
memory 
location 


FFFFOH. 


The upper limit of memory defined by this chip select 
is always FFFFFH, while the lower limit is program- 
mable. By programming the lower limit, the size of 
the select block is also defined. Table 7 shows the 
relationship between the base address selected and 
the size of the memory block obtained. 


Table 7. UMCS Programming Values 


Starting 
Memory 
UMCSValue 
Address 
(Base 
Block 
(Assuming 


Address) 
Size 
RO=R1 =R2=O) 


FFCOO 
1K 
FFF8H 
FF800 
2K 
FFB8H 
FFOOO 
4K 
FF38H 
FEOOO 
8K 
FE38H 


FCOOO 
16K 
FC38H 
F8000 
32K 
F838H 


FOOOO 
64K 
F038H 


EOOOO 
128K 
E038H 


COOOO 
256K 
C038H 


The lower limit of this memory block is defined in the 
UMCS register (see Figure 11). This register is at 
offset AOH in the internal control block. The legal 
values for bits 6-13 
and the resulting starting ad- 


dress and memory block sizes are given in Table 7. 
Any combination of bits 6-13 not shown in Table 7 
will result in undefined operation. After reset, the 
UMCS register is programmed for a 1K area. It must 
be reprogrammed if a larger upper memory area is 
desired. 


The internal generation of any 20-bit address whose 
upper 16 bits are equal to or greater than the UMCS 
value (with bits 0-5 as "0") asserts UCS. UMCS bits 
R2-RO specify the ready mode for the area of mem- 
ory defined by the chip select register, as explained 
later. 


The 80188 provides a chip select for low memory 
called LCS. The bottom of memory contains the in- 
terrupt vector table, starting at location OOOOOH. 


The lower limit of memory defined by this chip select 
is always OH,while the upper limit is programmable. 
By programming the upper limit, the size of the 
memory block is defined. Table 8 shows the relation- 
ship between the upper address selected and the 
size of the memory block obtained. 


Table 8. LMCS Programming Values 


Upper 
Memory 
LMCSValue 


Address 
Block 
(Assuming 
Size 
RO=R1=R2=O) 


003FFH 
1K 
0038H 


007FFH 
2K 
0078H 


OOFFFH 
4K 
00F8H 


01FFFH 
8K 
01F8H 


03FFFH 
16K 
03F8H 


07FFFH 
32K 
07F8H 


OFFFFH 
64K 
OFF8H 


1FFFFH 
128K 
1FF8H 


3FFFFH 
256K 
3FF8H 


The upper limit of this memory block is defined in the 
LMCS register (see Figure 12) at offset A2H in the 
internal control block. The legal values for bits 6-15 
and the resulting upper address and memory block 
sizes are given in,Table 8. Any combination of bits 
6-15 
not shown in Table 8 will result in undefined 


operation. After reset, the LMCS register value is un- 
defined. However, the LCS chip-select line will not 
become active until the LMCS register is accessed. 


Any internally generated 20-bit address whose up- 
per 16 bits are less than or equal to LMCS (with bits 
0-5 "1") will assert LCS. LMCS register bits R2-RO 
specify the READY mode for the area of memory 
defined by this chip-select register. 


Mid-Range 
Memory CS 


The 80188 provides four MCS lines which are active 
within a user-locatable memory block. This block 
can be located within the 80188 1M byte memory 
address space exclusive of the areas defined by 
UCS and LCS. Both the base address and size of 
this memory block are programmable. 


The size of the memory block defined by the mid- 
range select lines, as shown in Table 9, is deter- 
mined by bits 8-14 of the MPCS register (see Figure 
13). This register is at location A8H in the internal 
control block. One and only one of bits 8-14 must 
be set at a time. Unpredictable operation of the MCS 
lines will otherwise occur. Each of the four chip-se- 
lect lines is active for one of the four equal contigu- 
ous divisions of the mid-range block. If the total 
block size is 32K, each chip select is active for 8K of 
mem0'6 with MCSO being active for the first range 
and M S3 being active for the last range. 


The EX and MS in MPCS relate to peripheral func- 
tionality as described in a later section. 


Table 9. MPCS Programming Values 


Total Block 
Individual 
MPCSBlts 


Size 
Select Size 
14-8 


8K 
2K 
0000001B 
16K 
4K 
0000010B 
32K 
8K 
0000100B 
64K. 
16K 
0001000B 
128K 
32K 
0010000B 
256K 
64K 
0100000B 
512K 
128K 
1000000B 


The base address of the mid-range memory block is 
defined by bits 15-9 of the MMCS register (see Fig- 
ure 14). This register is at offset A6H in the internal 
control 
block. 
These 
bits 
correspond 
to 
bits 


A19-A13 
of 
the 
20-bit 
memory 
address. 
Bits 


A12-AO of the base address are always O.The base 
address may be set at any integer multiple of the 
size of the total memory block selected. For exam- 
ple, if the mid-range block size is 32K (or the size of 
the block for which each MCS line is active is 8K), 
the block could be located at 10000H or 18000H, 
but not at 14000H, since the first few integer multi- 
ples of 
a 32K memory block 
are OH, 8000H, 


10000H, 18000H, etc. After reset, the contents of 
both of these registers is undefined. However, none 
of the MCS lines will be active until both the MMCS 
and MPCS registers are accessed. 


15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


OFFSET: 
AOH I 
1 I 
1 
U I u I u I u I u 
u I u I u 
1 
1 
1 I R2 I R1 I RO I 


A19 
A11 


Figure 11. UMCS Register 


15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


OFFSET: 
A2HI 
0 I 
0 
u I u I u I u I u I u I u I u 
1 
1 
1 I R2 I R1 I RO I 


A19 
A11 


Figure 12. LMCS Register 


9-169 


15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


OFFSET: 
AsH I 
1 I M6 I M5 I M4 I M3 I M2 I M1 I MO I EX I MS I 
1 
1 
1 I R2 I R1 I RO I 


15 
9 
3 
0 


OFFSET: 
A6H I 
u I 
u I 
u I 
u I 
u I 
u I 
u I 
1 I 
1 I 
1 I 
1 I 
1 
1 I R2 I R1 I RO I 


A19 
A13 


MMCS bits R2-RO specify READY mode of opera- 
tion for all four mid-range chip selects. 


The 512K block size for the mid-range memory chip 
selects is a special case. When using 512K, the 
base address would have to be at either locations 
OOOOOHor 80000H. If it were to be programmed at 
OOOOOHwhen the LCS line was programmed, there 
would be an internal conflict between the LCS ready 
generation logic and the MCS ready generation log- 
ic. Likewise, if the base address were programmed 
at 80000H, there would be a conflict with the UCS 
ready generation logic. Since the LCS chip-select 
line does not become active until programmed, while 
the UCS line is active at reset, the memory base can 
be set only at OOOOOH. 
If this base address is select- 
ed, however, the LCS range must not be pro- 
grammed. 


The 80188 can generate chip selects for up to seven 
peripheral devices. These chip selects are active for 
seven contiguous blocks of 128 bytes above a pro- 
grammable base address. The base address may be 
located in either memory or I/O space. 


Seven CS lines called PCSO-6 are generated by the 
80188. The base address is user-programmable; 


however it can only be a multiple of 1K bytes, Le., 
the least significant 10 bits of the starting address 
are always O. 


PCS5and PCS6can also be programmed to provide 
latched address bits A1 and A2. If so programmed, 
they cannot be used as peripheral selects. These 
outputs can be connected directly to the AOand A1 
pins used for selecting internal registers of 8-bit pe- 
ripheral chips. 


The starting address of the peripheral chip-select 
block is defined by the PACS register (see Figure 
15).The register is located at offset A4H in the inter- 
nal control block. Bits 15-6 of this register corre- 
spond to bits 19-10 
of the 20-bit Programmable 
Base Address (PBA) of the peripheral chip-select 
block. Bits 9-0 of the PBA of the peripheral chip-se- 
lect block are all zeros. If the chip-select block is 
located in I/O space, bits 12-15 
must be pro- 
grammed zero, since the I/O address is only 16 bits 
wide. Table 10 shows the address range of each 
peripheral chip select with respect to the PBA con- 
tained in PACS register. 


15 
6 
5 


OFFSET: 
A4H I 
u I 
u I 
u I 
u I 
u I 
u I 
u I 
u I 
u I 
u I 
1 I 
1 


A19 
A10 


3 
0 


1 I R2 I R1 I RO I 
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The user should program 
bits 15-6 
to correspond 
to 


the desired 
peripheral 
base location. 
PACS bits 0-2 


are used to specify 
READY 
mode for PCSO-PCS3. 


Table 
10. PCS Address 
Ranges 


PCS Line 
Active 
between 
Locations 


PCSO 
PBA 
-PBA+127 
PCS1 
PBA + 128-PBA 
+ 255 


PCS2 
PBA + 256-PBA 
+ 383 
PCS3 
PBA + 384-PBA 
+ 511 
PCS4 
PBA + 512-PBA 
+ 639 
PCS5 
PBA + 64o-PBA 
+ 767 
PCS6 
PBA + 768-PBA 
+ 895 


The mode of operation 
of the peripheral 
chip selects 


is defined 
by the MPCS register 
(which is also used 


to set the size of the mid-range 
memory 
chip-select 


block, see Figure 13). The register 
is located 
at off- 


set A8H in the internal 
control 
block. Bit 7 is used to 


select the function 
of PCS5 and PCS6, while bit 6 is 


used to select 
whether 
the peripheral 
chip selects 


are 
mapped 
into 
memory 
or I/O 
space. 
Table 
11 


describes 
the programming 
of these bits. After reset, 
the contents 
of both the MPCS and the PACS regis- 


ters are undefined, 
however 
none of the PCS lines 


will be active until both of the MPCS and PACS reg- 
isters are accessed. 


Bit 
Description 


MS 
1 = Peripherals 
mapped into memory space. 
o = Peripherals 
mapped 
into I/O space. 
EX 
o = 5 PCS lines. A 1, A2 provided. 
1 = 7 PCS lines. A 1, A2 are not provided. 


MPCS bits 0-2 
specify the READY mode for PCS4- 


PCS6 as outlined 
below. 


READY Generation Logic 


The 80188 can generate 
a "READY" 
s!9.Q.alinternal- 


ly for each of the memory or peripheral 
CS lines. The 


number 
of WAIT states 
to be inserted 
for each pe- 


ripheral 
or memory 
is programmable 
to provide 
0-3 


wait states for all accesses 
to the area for which the 


chip select 
is active. 
In addition, 
the 80188 
may be 


programmed 
to 
either 
ignore 
external 
READY 
for 


each chip-select 
range individually 
or to factor exter- 


nal READY 
with the integrated 
ready generator. 


READY control 
consists 
of 3 bits for each CS line or 


group of lines generated 
by the 80188. The interpre- 
tation 
of the ready bits is shown 
in Table 
12. 


R2 
R1 
RO 
Number 
of WAIT States 
Generated 


0 
0 
0 
o wait states, external 
RDY 


also used. 
0 
0 
1 
1 wait state inserted, 
external 
RDY 


also used. 


0 
1 
0 
2 wait states inserted, 
external 
ROY 


also used. 


0 
1 
1 
3 wait states inserted, 
external 
RDY 


also used. 
1 
0 
0 
o wait states, external 
RDY 


ignored. 


1 
0 
1 
1 wait state inserted, 
external 
RDY 


ignored. 


1 
1 
0 
2 wait states inserted, external 
RDY 


ignored. 
1 
1 
1 
3 wait states inserted, 
external 
RDY 


ignored. 


The 
internal 
ready 
generator 
operates 
in parallel 


with 
external 
READY, 
not in series 
if the 
external 


READY 
is used (R2 = 0). For example, 
if the inter- 


nal generator 
is set to insert 
two 
wait 
states, 
but 


activity 
on the external 
READY 
lines will insert four 


wait states, 
the processor 
will only insert 
four wait 


states, 
not six. This is because 
the two wait states 


generated 
by the internal 
generator 
overlapped 
the 


first two wait states generated 
by the external 
ready 


signal. Note that the external 
ARDY and SRDY lines 


are always 
ignored 
during cycles 
accessing 
internal 


peripherals. 


R2-RO 
of each 
control 
word 
specifies 
the READY 


mode for the corresponding 
block, 
with the excep- 


tion of the peripheral 
chip selects: 
R2-RO 
of PACS 


set the PCSO-3 
READY mode, R2-RO 
of MPCS set 


the PCS4-6 
READY 
mode. 


Chip Select/Ready 
Logic and Reset 


Upon RESET, the Chip-Select/Ready 
Logic will per- 


form the following 
actions: 


• 
All chip-select 
outputs 
will be driven HIGH. 


• 
Upon 
leaving 
RESET, 
the 
UCS line will be pro- 


grammed 
to provide 
chip selects 
to a 1K block 


with the accompanying 
READY control 
bits set at 


011 to insert 3 wait states in conjunction 
with ex- 


ternal 
READY 
(Le., UMCS resets to FFFBH). 


• 
No other 
chip select 
or READY 
control 
registers 


have any predefined 
values 
after 
RESET. 
They 


will 
not become 
active 
until the 
CPU accesses 


their control 
registers. 
Both the PACS and MPCS 


registers 
must be accessed 
before the PCS lines 


will become 
active. 


inter 


The 80188 DMA controller provides two indepen- 
dent DMA channels. Data transfers can occur be- 
tween memory and I/O spaces (e.g., Memory to I/O) 
or within the same space (e.g., Memory to Memory 
or I/O to I/O). Each DMA channel maintains both a 
20-bit source and destination pointer which can be 
optionally incremented or decremented after each 
data transfer. Each data transfer consumes 2 bus 
cycles (a minimum of 8 clocks), one cycle to fetch 
data and the other to store data. This provides a 
data transfer rate of one MByte/sec at 8 MHz. 


Each channel has six registers in the control block 
which define each channel's operation. The control 
registers consist of a 20-bit Source pointer (2 
words), a 20-bit Destination pointer (2 words), a 16- 
bit Transfer Count Register, and a 16-bit Control 
Word. 


The format of the DMA Control Blocks is shown in 
Table 13. The Transfer Count Register (TC) speci- 
fies the number of DMA transfers to be performed. 
Up to 64K byte transfers can be performed with au- 
tomatic termination. The Control Word defines the 
channel's operation (see Figure 17). All registers 
may be modified or altered during any DMA activity. 
Any changes made to these registers will be reflect· 
ed immediately in DMA operation. 


Table 13. DMA Control Block Format 


Register Name 
Register Address 


Ch.O 
Ch.1 


Control Word 
CAH 
DAH 


Transfer Count 
C8H 
D8H 


Destination Pointer (upper 4 
C6H 
D6H 


bits) 
Destination Pointer 
C4H 
D4H 


Source Pointer (upper 4 bits) 
C2H 
D2H 


Source Pointer 
COH 
DOH 


OMA 
CONTROL 
LOGIC 


DMA Channel Control Word Register 


Each DMA Channel Control Word determines the 
mode of operation for the particular 80188 DMA 
channel. This register specifies: 


• the mode of synchronization; 
• whether interrupts will be generated after the last 
transfer; 
• whether DMA activity will cease after a pro- 
grammed number of DMA cycles; 
• the relative priority of the DMA channel with re- 
spect to the other DMA channel; 
• whether the source pointer will be incremented, 
decremented, or maintained constant after each 
transfer; 


• whether the source pointer addresses memory or 
I/O space; 
• whether the destination pointer will be increment- 
ed, decremented, or maintained constant after 
each transfer; and 
• whether 
the 
destination 
pointer will 
address 
memory or I/O space. 


The DMA channel control registers may be changed 
while the channel is operating. However, any chang- 
es made during operation will affect the current DMA 
transfer. 


DMA Control Word Bit Descriptions 
DEST: 
M/IO Destination 
pointer 
is 
in 
memory (1) or I/O (0) space. 


DEC Decrement destination point- 
er by 1 after each transfer. 
INC Increment destination point- 
er by 1 after each transfer. 
If both INC and DEC are 
specified, the pointer will not 
be changed after each cycle. 
SOURCE: 
M/IO Source pointer is in memory 
(1) or I/O (0) space. 
DEC Decrement source pointer by 
1 after each transfer. 


INC Increment source pointer by 
1 after each transfer. 
If both INC and DEC are 
specified, the pointer will not 
be changed after each cycle. 


If set, DMA will terminate when 
the 
contents 
of 
the 
transfer 
count register reach zero. The 
ST/STOP bit will also be reset at 
this point. If cleared, the DMA 
controller 
will 
decrement 
the 
transfer count register for each 
DMA cycle, but DMA transfers 
will not stop when the transfer 
count register reaches zero. 
Enable interrupts to CPU upon 
transfer count termination. 
00 No synchronization. 


NOTE: 
When unsynchronized transfers 
are specified, the TC bit will be 
ignored and the ST bit will be 
cleared upon the transfer count 
reaching 
zero, 
stopping 
the 
channel. 


01 Source Synchronization. 
10 Destination Synchronization. 
11 Unused. 
Channel priority relative to other 
channel. 
o Low priority. 
1 High priority. 
Channels will alternate cycles if 
both are set at the same priority 
level. 
. 


Enable/Disable 
(1/0) 
DMA re- 
quests from Timer 2. 
Change/Do 
Not Change (1/0) 
the ST/STOP bit. If this bit is set 
when writing the control word, 
the ST/STOP 
bit will be pro- 
grammed by the write to the con- 
trol word. If this bit is cleared 
when writidj 
the control word, 
the ST/ST 
P bit will not be al- 
tered. This bit is not stored; it will 
always be read as O. 
Start/Stop (1/0) Channel. 


DMA Destination 
and Source Pointer 


Registers 


Each DMA channel 
maintains 
a 20-bit source 
and a 


20-bit 
destination 
pointer. 
Each 
of these 
pointers 


takes 
up two 
full 
16-bit 
registers 
in the 
peripheral 


control 
block. The lower four bits of the upper regis- 


ter contain 
the upper four bits of the 20-bit physical 


address 
(see Figure 18). These pointers 
may be indi- 
vidually 
incremented 
or 
decremented 
after 
each 


transfer. 
Each pointer 
may point into either memory 


or I/O space. Since the DMA channels 
can perform 


transfers 
to or from odd addresses, 
there 
is no re- 


striction 
on values for the pointer 
registers. 


DMA Transfer 
Count Register 


Each DMA channel 
maintains 
a 16-bit transfer 
count 


register 
(TC). The register 
is decremented 
after ev- 


ery DMA cycle, regardless 
of the state of the TC bit 


in the DMA Control 
Register. 
If the TC bit in the DMA 


control 
word is set or if unsynchronized 
transfers 
are 


programmed, 
DMA activity 
will terminate 
when 
the 


transfer 
count 
register 
reaches 
zero. 


Data transfers 
may be either 
source 
or destination 


synchronized, 
that is either the source of the data or 


the 
destination 
of the 
data 
may 
request 
the 
data 


transfer. 
In addition, 
DMA transfers 
may be unsyn- 


chronized; 
that is, the transfer 
will take place contin- 


ually until the correct 
number 
of transfers 
has oc- 


curred. 
When 
source 
or unsynchronized 
transfers 


are performed, 
the DMA channel 
may begin another 


transfer 
immediately 
after 
the 
end 
of 
a previous 


DMA 
transfer. 
This 
allows 
a complete 
transfer 
to 


take place every 2 bus cycles 
or eight clock 
cycles 


(assuming 
no wait states). 
When source 
synchroniz- 


ed or unsynchronized 
transfers 
are performed, 
data 


will not be fetched 
from the source 
address 
until the 


destination 
device 
signals 
that it is ready to receive 


it. Also, the DMA controller 
will relinquish 
control 
of 


the bus after every transfer. 
If no other bus activity is 


initiated, 
another 
destination 
synchronized 
DMA cy- 


cle will begin after two processor 
clocks. 
This allows 


the destination 
device 
time to remove 
its request 
if 


another 
transfer 
is not desired. 
Since the DMA con- 


troller will relinquish 
the bus, the CPU can initiate 
a 


bus cycle. As a result, a complete 
bus cycle will of- 


ten 
be inserted 
between 
destination 
synchronized 


transfers. 
Table 14 shows the maximum 
DMA trans- 


fer rates. 


Table 
14. Maximum 
DMA Transfer 
Rates@8MHz 


Type of 
Synchronization 
CPU Running 
CPUHaited 


Selected 


Unsynchronized 
1.0 MBytes/sec 
1.0 MBytes/sec 


Source Synch 
1.0 MBytes/sec 
1.0 MBytes/sec 


Destination Synch 0.67 MBytes/sec 
0.80 MBytes/sec 


HIGHER 
REGISTER 
ADDRESS 


LOWER 
REGISTER 
ADDRESS 


xxx 
xxx 
XXX 
A19-A16 


A15-A12 
A11-AB 
A7-A4 
A3-AO 


inter 


No explicit DMA acknowledge pulse is provided. 
Since both source and destination pointers are 
maintained, a read from a requesting source, or a 
write to a requesting destination, should be used as 
the DMA acknowledge signal. Since the chip-select 
lines can be programmed to be active for a given 
block of memory or 1/0 space, and the DMA point- 
ers can be programmed to point to the same given 
block, a chip-select line could be used to indicate a 
DMA acknowledge. 


The DMA channels may be programmed to give one 
channel priority over the other, or they may be pro- 
grammed to alternate cycles when both have DMA 
requests pending. DMA cycles always have priority 
over internal CPU cycles except between locked 
memory accesses or word accesses to odd memory 
locations; also, an external bus hold takes priority 
over an internal DMA cycle. Because an interrupt 
request cannot suspend a DMA operation and the 
CPU cannot access memory during a DMA cycle, 
interrupt latency time will suffer during sequences of 
continuous DMA cycles. An NMI request, however, 
will cause all internal DMA activity to halt. This al- 
lows the CPU to quickly respond to the NMI request. 


DMA Programming 


DMA cycles will occur whenever the STISTOP bit of 
the Control Register is set. If synchronized transfers 


are programmed, a ORO must also be generated. 
Therefore, the source and destination transfer point- 
ers, and the transfer count register (if used) must be 
programmed before the STISTOP bit is set. 


Each DMA register may be modified while the chan- 
nel is operating. If the CHGINOCHG bit is cleared 
when the control register is written, the ST/STOP 
bit 


of the control register will not be modified by the 
write. If multiple channel registers are modified, it is 
recommended that a LOCKED string transfer be 
used to prevent a DMA transfer from occurring be- 
tween updates to the channel registers. 


Upon RESET, the DMA channels will perform the 
following actions: 
• The STISTOP 
bit for each channel will be reset 


to STOP. 


• Any transfer in progress is aborted. 


The 80188 provides three internal 16-bit program- 
mable timers (see Figure 19). Two of these are high- 
ly flexible and are connected to four external pins (2 
per timer). They can be used to count external 
events, time external events, generate nonrepetitive 
waveforms, etc. The third timer is not connected to 
any external pins, and is useful for real-time coding 
and time delay applications. In addition, the third tim- 
er can be used as a prescaler to the other two, or as 
a DMA request source. 


MAX 
COUNT 
VALUE 
A 


MAX 
COUNT 
VALUE 
CLOCK/4 
B 


MOOEICONTAOL 
WORD 


MAX 
COUNT 
VALUE 
A 


MAX 
COUNT 
VALUE 
CLOCK/4 
B 


MOOEICONTAOL 


WORD 


The timers are controlled by 11 16-bit registers in 
the peripheral control block. The configuration of 
these registers is shown in Table 15. The count reg- 
ister contains the current value of the timer. It can be 
read or written at any time independent of whether 
the timer is running or not. The value of this register 
will be incremented for each timer event. Each of the 
timers is equipped with a MAX COUNT register, 
which defines the maximum count the timer will 
reach. After reaching the MAX COUNT register val- 
ue, the timer count value will reset to zero during 
that same clock, i.e., the maximum count value is 
never stored in the count register itself. Timers 0 and 
1 are, in addition, equipped with a second MAX 
COUNT register, which enables the timers to alter- 
nate their count between two different MAX COUNT 
values. If a single MAX COUNT register is used, the 
timer output pin will switch LOW for a single clock, 2 
clocks after the maximum count value has been 
reached. In the dual MAX COUNT register mode, the 
output pin will indicate which MAX COUNT register 
is currently in use, thus allowing nearly complete 
freedom in selecting waveform duty cycles. For the 
timers with two MAX COUNT registers, the RIU bit in 
the control register determines which is used for the 
comparison. 


Each timer gets serviced every fourth CPU-clock cy- 
cle, and thus can operate at speeds up to one-quar- 
ter the internal clock frequency (one-eighth the crys- 
tal rate). External clocking of the timers may be done 
at up to a rate of one-quarter of the internal CPU- 
clock rate (2 MHz for an 8 MHz CPU clock). Due to 
internal synchronization and pipelining of the timer 
circuitry, a timer output may take up to 6 clocks to 
respond to any individual clock or gate input. 


Since the count registers and the maximum count 
registers are all 16 bits wide, 16 bits of resolution are 
provided. Any Read or Write access to the timers will 
add one wait state to the minimum four-clock bus 
cycle, however. This is needed to synchronize and 
coordinate the internal data flows between the inter- 
nal timers and the internal bus. 


The timers have several programmable options. 
• All three timers can be set to halt or continue on 


a terminal count. 


• Timers 0 and 1 can select between internal and 


external clocks, alternate between MAX COUNT 
registers and be set to retrigger on external 
events. 
• The timers may be programmed to cause an in- 


terrupt on terminal count. 


These options are selectable via the timer model 
control word. 


Timer Mode/Control 
Register 


The mode/control register (see Figure 20) allows 
the user to program the specific mode of operation 
or check the current programmed status for any of 
the three integrated timers. 


Table 15. Timer Control 
Block Format 


Register 
Name 
Register 
Offset 


Tmr.O 
Tmr.1 
Tmr.2 


Mode/Control Word 
56H 
5EH 
66H 


Max Count B 
54H 
5CH 
not present 


Max Count A 
52H 
5AH 
62H 


Count Register 
50H 
58H 
60H 


1 
0 


ALT 
I CONT I 


inter 


The enable bit provides programmer control over 
the timer's RUN/HALT status. When set, the timer is 
enabled to increment subject to the input pin con- 
straints in the internal clock mode (discussed previ- 
ously). When cleared, the timer will be inhibited from 
counting. All input pin transitions during the time EN 
is zero will be ignored. If CaNT is zero, the EN bit is 
automatically cleared upon maximum count. 


INH 


The inhibit bit allows for selective updating of the 
enable (EN) bit. If INH is a one during the write to the 
mode/control word, then the state of the EN bit will 
be modified by the write. If INH is a zero during the 
write, the EN bit will be unaffected by the operation. 
This bit is not stored; it will always be a ° on a read. 


When set, the INT bit enables interrupts from the 
timer, which will be generated on every terminal 
count. If the timer is configured in dual MAX COUNT 
register mode, an interrupt will be generated each 
time the value in MAX COUNT register A is reached, 
and each time the value in MAX COUNT register 8 is 
reached. If this enable bit is cleared after the inter- 
rupt request has been generated, but before a pend- 
ing interrupt is serviced, the interrupt request will still 
be in force. (The request is latched in the Interrupt 
Controller.) 


The 
Register 
In Use bit indicates which 
MAX 
COUNT register is currently being used for compari- 
son to the timer count value. A zero value indicates 
register A. The RIU bit cannot be written, Le., its 
value is not affected when the control register is writ- 
ten. It is always cleared when the ALT bit is zero. 


The Maximum Count bit is set whenever the timer 
reaches its final maximum count value. If the timer is 
configured in dual MAX COUNT register mode, this 
bit will be set each time the value in MAX COUNT 
register A is reached, and each time the value in 
MAX COUNT register 8 is reached. This bit is set 
regardless of the timer's interrupt-enable bit. The 
MC bit gives the user the ability to monitor timer 
status through software instead of through inter- 
rupts. Programmer intervention is required to clear 
this bit. 


Retrigger bit is only active for internal clocking 
(EXT = 0). In this case it determines the control 
function provided by the input pin. 


If RTG = 0, the input level gates the internal clock 
on and off. If the input pin is HIGH, the timer will 
count; if the input pin is LOW, the timer will hold its 
value. As indicated previously, the input signal may 
be asynchronous with respect to the 80188 clock. 


When RTG = 1, the input pin detects LOW-to-HIGH 
transitions. The first such transition starts the timer 
running, clearing the timer value to zero on the first 
clock, and then incrementing thereafter. 
Further 
transitions on the input pin will again reset the timer 
to zero, from which it will start counting up again. If 
CaNT = 0, when the timer has reached maximum 
count, the EN bit will be cleared, inhibiting further 
timer activity. 


The prescaler bit is ignored unless internal clocking 
has been selected (EXT = 0). If the P bit is a zero, 
the timer will count at one-fourth the internal CPU 
clock rate. If the P bit is a one, the output of timer 2 
will be used as a clock for the timer. Note that the 
user must initialize and start timer 2 to obtain the 
prescaled clock. 


The external bit selects between internal and exter- 
nal clocking for the timer. The external signal may 
be asynchronous with respect to the 80188 clock. 
If this bit is set, the timer will count LOW-to-HIGH 
transitions on the input pin. If cleared, it will count an 
internal clock while using the input pin for control. In 
this mode, the function of the external pin is defined 
by the RTG bit. The maximum input to output tran- 
sition latency time may be as much as 6 clocks. 
However, clock inputs may be pipelined as closely 
together as every 4 clocks without losing clock puls- 
es. 


ALT 


The ALT bit determines which of two MAX COUNT 
registers is used for count comparison. If ALT = 0, 
register A for that timer is always used, while if 
ALT = 1, the comparison will alternate between reg- 
ister A and register 8 when each maximum count is 
reached. This alternation allows the user to change 
one MAX COUNT register while the other is being 
used, and thus provides a method of generating 
non-repetitive waveforms. Square waves and pulse 
outputs of any duty cycle are a subset of available 
signals obtained by not changing the final count reg- 
isters. The ALT bit also determines the function of 


the timer output pin. If ALT is zero, the output pin will 
go LOW for one clock, the clock after the maximum 
count is reached. If ALT is one, the output pin will 
reflect the current MAX COUNT register being used 
(0/1 for S/ A). 


Setting the CONT bit causes the associated timer to 
run continuously, while resetting it causes the timer 
to halt upon maximum count. If CONT = 0 and ALT 
= 1, the timer will count to the MAX COUNT register 
A value, reset, count to the register S value, reset, 
and halt. 


Not all mode bits are provided for timer 2. Certain 
bits are hardwired as indicated below: 


Each of the three timers has a 16-bit count register. 
The contents of this register may be read or written 
by the processor at any time. If the register is written 
while the timer is counting, the new value will take 
effect in the current count cycle. 


Max Count Registers 


Timers 0 and 1 have two MAX COUNT registers, 
while timer 2 has a single MAX COUNT register. 
These contain the number of events the timer will 
count. In timers 0 and 1, the MAX COUNT register 
used can alternate between the two max count val- 
ues 
whenever 
the 
current 
maximum count 
is 


reached. A timer resets when the timer count regis- 
ter equals the max count value being used. If the 
timer count register or the max count register is 
changed so that the max count is less than the timer 
count, the timer does not immediately reset. Instead, 
the timer counts up to OFFFFH, "wraps around" to 
zero, counts up to the max count value, and then 
resets. 


Upon RESET, the Timers will perform the following 
actions: 
• All EN (Enable) bits are reset preventing timer 


counting. 
• For Timers 0 and 1, the RIU bits are reset to zero 


and the ALT bits are set to one. This results in the 
Timer Out pins going HIGH. 


The 80188 can receive interrupts from a number of 
sources, both internal and external. The internal in- 
terrupt controller serves to merge these requests on 
a priority basis, for individual service by the CPU. 


Internal interrupt sources (Timers and DMA chan- 
nels) can be disabled by their own control registers 
or by mask bits within the interrupt controller. The 
80188 interrupt controller has its own control regis- 
ter that sets the mode of operation for the controller. 


The interrupt controller will resolve priority among 
requests that are pending simultaneously. Nesting is 
provided so interrupt service routines for lower priori- 
ty interrupts may be interrupted by higher priority in- 
terrupts. A block diagram of the interrupt controller is 
shown in Figure 21. 


The 80188 has a special slave mode in which the 
internal interrupt controller acts as a slave to an ex- 
ternal master. The controller is programmed into this 
mode by setting bit 14 in the peripheral control block 
relocation register. (See Slave Mode section.) 


Five pins are provided for external interrupt sources. 
One of these pins is NMI, the non-maskable inter- 
rupt. NMI is generally used for unusual events such 
as power-fail interrupts. The other four pins may be 
configured in any of the following ways: 
• As four interrupt input lines with internally gener- 


ated interrupt vectors. 


• As an interrupt line and interrupt acknowledge 


line pair (Cascade Mode) with externally generat- 
ed interrupt vectors plus two interrupt input lines 
with internally generated vectors. 


• As two pairs of interrupt/interrupt acknowledge 


lines (Cascade Mode) with externally generated 
interrupt vectors. 


External sources in the cascade mode use external- 
ly generated interrupt vectors. When an interrupt is 
acknowledged, two INTA cycles are initiated and the 
vector is read into the 80188 on the second cycle. 
The capability to interface to external 8259A pro- 
grammable interrupt controllers is provided when 
the inputs are configured in cascade mode. 


inter 


Interrupt 
Controller 
Modes of 
Operation 


The basic modes of operation of the interrupt con- 
troller in master mode are similar to the 8259A. The 
interrupt controller responds indentically to internal 
interrupts in all three modes: the difference is only in 
the interpretation of function of the four external in- 
terrupt pins. The inte~ruptcontroller is set into one of 
these three modes by programming the correct bits 
in the INTOand INT1 control registers. The modes of 
interrupt controller operation are as follows: 


When in the fully nested mode four pins are used as 
direct interrupt requests as in Figure 22. The vectors 
for these four inputs are generated internally. An in- 
service bit is provided for every interrupt source. If a 
lower-priority device requests an interrupt while the 
in-service bit (IS) is set, no interrupt will be generat- 
ed by the interrupt controller. In addition, if another 
interrupt request occurs from the same interrupt 
source while the in-service bit is set, no interrupt will 
be generated by the interrupt controller. This allows 
interrupt service routines to operate with interrupts 
enabled, yet be suspended only by interrupts of 
higher priority than the in-service interrupt. 


When a service routine is completed, the proper IS 
bit must be reset by writing the proper pattern to the 
EOI register. This is required to allow subsequent 
interrupts from this interrupt source and to allow 
servicing of lower-priority interrupts. An EOI com- 


INTERRUPT 
REQUEST 
REG. 


INTERRUPT 
MASK REG. 


IN-SERVICE 
REG. 


PRIOR. 
LEV: 
MASK REG. 
INTERRUPT 
STATUS REG. 


mand is executed at the end of the service routine 
just before the return from interrupt instruction. If the 
fully nested structure has been upheld, the next 
highest-priority source with its IS bit set is then serv- 
iced. 


The 80188 has four interrupt pins and two of them 
have dual functions. In the fully nested mode the 
four pins are used as direct interrupt inputs and the 
corresponding vectors are generated internally. In 
the cascade mode, the four pins are configured into 
interrupt input-dedicated acknowledge signal pairs. 
The interconnection is shown in Figure 23. INTO is 
an interrupt input interfaced to an 8259A, while 
INT2/INTAO serves as the dedicated interrupt ac- 
knowledge signal to that peripheral. The same is 
true for INT1 and INT3/INTA1. Each pair can selec- 
tively be placed in the cascade or non-cascade 
mode by programming the proper value into INTO 
and INT1 control registers. The use of the dedicated 
acknowledge signals eliminates the need for the use 
of external logic to generate INTA and device select 
signals. 


The primary cascade mode allows the capability to 
serve up to 128 external interrupt sources through 
the use of external master and slave 8259As. Three 
levels of priority are created, requiring priority resolu- 
tion in the 80188 interrupt controller, the master 
8259As, and the slave 8259As. If an external inter- 
rupt is serviced, one IS bit is set at each of these 
levels. When the interrupt service routine is complet- 
ed, up to three end-of-interrupt commands must be 
issued by the programmer. 


This mode is entered by setting the SFNM bit in 
INTO or INT1 control register. It enables complete 
nestability with external 8259A masters. Normally, 
an interrupt request from an interrupt source will not 
be recognized unless the in-service bit for that 
source is reset. If more than one interrupt source is 
connected to an external interrupt controller, all of 
the interrupts will be funneled through the same 
80188 interrupt request pin. As a result, if the exter- 
nal interrupt controller receives a higher-priority in- 
terrupt, its interrupt will not be recognized by the 
80188 controller until the 80188 in-service bit is re- 
set. In special fully nested mode, the 80188 interrupt 
controller will allow interrupts from an external pin 
regardless of the state of the in-service bit for an 
interrupt source in order to allow multiple interrupts 
from a single pin. An in-service bit will continue to be 


intJ 


set, however, to inhibit interrupts from other lower- 
priority 80188 interrupt sources. 


Special procedures should be followed when reset- 
ting IS bits at the end of interrupt service routines. 
Software polling of the IS register in the external 
master 8259A is required to determine if there is 
more than one bit set. If so, the IS bit in the 80188 
remains active and the next interrupt service routine 
is entered. 


Operation 
in a Polled Environment 


The controller may be used in a polled mode if inter- 
rupts are undesirable. When polling, the processor 
disables interrupts and then polls the interrupt con- 
troller whenever it is convenient. Polling the interrupt 
controller is accomplished by reading the Poll Word 
(Figure 32). Bit 15 in the poll word indicates to the 
processor that an interrupt of high enough priority is 
requesting service. Bits 0-4 indicate to the proces- 
sor the type vector of the highest-priority source re- 
questing service. Reading the Poll Word causes the 
In-Service bit of the highest priority source to be set. 


It is desirable to be able to read the Poll Word infor- 
mation without guaranteeing service of any pending 
interrupt, Le., not set the indicated in-service bit. The 
80188 provides a Poll Status Word in addition to the 
conventional Poll Word to allow this to be done. Poll 
Word information is duplicated in the Poll Status 
Word, but reading the Poll Status Word does not set 
the associated in-service bit. These words are locat- 
ed in two adjacent memory locations in the register 
file. 


80188 


INT2 1+---- INTERRUPT 
SOURCE 


Figure 22. Fully Nested 
(Direct) 
Mode Interrupt 
Controller 
Connections 


The user can program the interrupt sources into any 
of eight different priority levels. The programming is 
done by placing a 3-bit priority level (0-7) in the con- 
trol register of each interrupt source. (A source with 
a priority level of 4 has higher priority over all priority 
levels from 5 to 7. Priority registers containing values 
lower than 4 have greater priority). All interrupt 
sources have preprogrammed default priority levels 
(see Table 4). 


If two requests with the same programmed priority 
level are pending at once, the priority ordering 
scheme shown in Table 4 is used. If the serviced 
interrupt routine reenables interrupts, other interrupt 
requests can be serviced. 


The end-of-interrupt (EOI) command is used by the 
programmer to reset the In-Service (IS) bit when an 
interrupt service routine is completed. The EOI com- 
mand is issued by writing the proper pattern to the 
EOI register. There are two types of EOI commands, 
specific and nonspecific. The nonspecific command 
does not specify which IS bit is reset. When issued, 
the interrupt controller automatically resets the IS bit 
of the highest priority source with an active service 
routine. A specific EOI command requires that the 
programmer send the interrupt vector type to the in- 
terrupt controller indicating which source's IS bit is 
to be reset. This command is used when the fully 
nested structure has been disturbed or the highest 
priority IS bit that was set does not belong to the 
service routine in progress. 


The four external interrupt pins can be programmed 
in either edge- or level-trigger mode. The control 
register for each external source has a level-trigger 
mode (LTM) bit. All interrupt inputs are active HIGH. 
In the edge sense mode or the level-trigger mode, 
the interrupt request must remain active (HIGH) until 
the interrupt request is acknowledged by the 80188 
CPU. In the edge-sense mode, if the level remains 
high after the interrupt is acknowledged, the input is 
disabled and no further requests will be generated. 
The input level must go LOW for at least one clock 
cycle to reenable the input. In the level-trigger mode, 
no such provision is made: holding the interrupt input 
HIGH will cause continuous interrupt requests. 
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The 80188 Interrupt 
Controller 
will generate 
interrupt 
vectors 
for the integrated 
OMA channels 
and the in- 
tegrated 
Timers. 
In addition, 
the Interrupt 
Controller 


will generate 
interrupt 
vectors 
for the external 
inter- 


rupt lines if they 
are not configured 
in Cascade 
or 


Special 
Fully 
Nested 
Mode. 
The 
interrupt 
vectors 


generated 
are fixed and cannot 
be changed 
(see Ta- 


ble 4). 


The 
Interrupt 
Controller 
register 
model 
is shown 
in 


Figure 24. It contains 
15 registers. 
All registers 
can 


both be read or written 
unless specified 
otherwise. 


This register 
can be read from or written 
into. The 


format 
is shown in Figure 25. It contains 
the In-Serv- 


ice bit for each of the interrupt 
sources. 
The In-Serv- 


ice bit is set to indicate 
that a source's 
service 
rou- 


tine is in progress. 
When an In-Service 
bit is set, the 


interrupt 
controller 
will not generate 
interrupts 
to the 


CPU when it receives 
interrupt 
requests 
from devic- 


es with a lower programmed 
priority 
level. The TMR 


bit is the 
In-Service 
bit for all three 
timers; 
the DO 


and 01 bits are the In-Service 
bits for the two OMA 


channels; 
the 
10-13 are the 
In-Service 
bits for the 


external 
interrupt 
pins. The 
IS bit is set when 
the 


processor 
acknowledges 
an interrupt 
request 
either 


by an interrupt 
acknowledge 
or by reading 
the poll 


register. The IS bit is reset at the end of the interrupt 
service 
routine 
by an end-of-interrupt 
command. 


The internal 
interrupt 
sources 
have interrupt 
request 


bits inside the interrupt 
controller. 
The format 
of this 
register is shown in Figure 25. A read from this regis- 
ter yields the status of these bits. The TMR bit is the 
logical OR of all timer interrupt 
requests. 
DO and 01 


are the interrupt 
request 
bits for the OMA channels. 


The state of the external 
interrupt 
input pins is also 


indicated. 
The state of the external 
interrupt 
pins is 


not a stored 
condition 
inside the interrupt 
controller, 


therefore 
the external 
interrupt 
bits cannot 
be writ- 


ten. The external 
interrupt 
request 
bits are set when 


an interrupt 
request 
is given to the interrupt 
control- 


ler, so if edge-triggered 
mode is selected, 
the bit in 


the register will be HIGH only after an inactive-to-ac- 
tive transition. 
For internal interrupt 
sources, 
the reg- 


ister bits are set when a request 
arrives 
and are re- 


set when the processor 
acknowledges 
the requests. 


Writes 
to to the interrupt 
request 
register 
will affect 


the DO and 01 interrupt 
request 
bits. Setting 
either 


bit will 
cause 
the 
corresponding 
interrupt 
request 


while clearing 
either bit will remove 
the correspond- 


ing interrupt 
request. 
All other bits in the register 
are 


read-only. 


This is a 16-bit register 
that contains 
a mask bit for 


each interrupt 
source. 
The format 
for this register 
is 


shown 
in Figure 
25. A one in a bit position 
corre- 


sponding 
to a particular 
source 
masks 
the 
source 


from generating 
interrupts. 
These 
mask bits are the 


exact same bits which are used in the individual 
con- 


trol 
registers; 
programming 
a mask 
bit 
using 
the 


mask register will also change 
this bit in the individu- 


al control 
registers, 
and vice versa. 
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Figure 24. Interrupt Controller Registers 
(Master Mode) 
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This register masks all interrupts below a particular 
interrupt priority level. The format of this register is 
shown in Figure 26. The code in the lower three bits 
of this register inhibits interrupts of priority lower (a 
higher priority number) than the code specified. For 
example, 100 written into this register masks inter- 
rupts of level five (101), six (110), and seven (111). 
The register is reset to seven (111) upon RESET so 
no interrupts are masked due to priority number. 


This register contains general interrupt controller 
status information. The format of this register is 
shown in Figure 27. The bits in the status register 
have the following functions: 
DHLT: DMA Halt Transfer; setting this bit halts all 


DMA transfers. It is automatically set when- 
ever a non-maskable interrupt occurs, and it 
is reset when an IRET instruction is execut- 
ed. This bit allows prompt service of all non- 
maskable interrupts. This bit may also be set 
by the programmer. 


IRTx: 
These three bits represent the individual tim- 
er interrupt request bits. These bits differen- 
tiate between timer interrupts, since the tim- 
er IR bit in the interrupt request register is 
the "OR" function of all timer interrupt re- 
quests. Note that setting anyone 
of these 


three bits initiates an interrupt request to the 
interrupt controller. 


1 
0 
o 
I TMR I 
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Figure 26. Priority Mask Register Format 
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Figure 27. Interrupt Status Register Format (non-RMX Mode) 
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Figure 28. Tlmer/DMA 
Control 
Register 
Formats 
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Figure 29. INTO/INT1 
Control 
Register 
Formats 
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Figure 30. INT2/INT3 
Control 
Register 
Formats 


These registers are the control words for all the in- 
ternal interrupt sources. The format for these regis- 
ters is shown in Figure 28. The three bit positions 
PRO,PR1, and PR2 represent the programmable pri- 
ority level of the interrupt source. The MSK bit inhib- 
its interrupt requests from the interrupt source. The 
MSK bits in the individual control registers are the 
exact same bits as are in the Mask Register; modify- 
ing them in the individual control registers will also 
modify them in the Mask Register, and vice versa. 


These registers are the control words for the four 
external input pins. Figure 29 shows the format of 
the INTO and INT1 Control registers; Figure 30 
shows the format of the INT2 and INT3 Control reg- 
isters. In cascade mode or special fully nested 
mode, the control words for INT2 and INT3 are not 
used. 


The bits in the various control registers are encoded 
as follows: 
PRO-2: 
Priority programming information. Highest 
priority = 000, lowest priority = 111. 
LTM: 
Level-trigger mode bit. 1 = 
level-trig- 
gered; 0 = edge-triggered. Interrupt Input 
levels are active high. In level-triggered 
mode, an interrupt is generated whenever 
the external line is high. In edge-triggered 
mode, an interrupt will be generated only 


MSK: 


C: 


when this level is preceded by an inac- 
tive-to-active transition on the line. In both 
cases, the level must remain active until 
the interrupt is acknowledged. 
Mask bit, 1 = mask; 0 = non-mask. 
Cascade mode bit, 1 = cascade; 0 = di- 
rect. 


Special fully nested mode bit, 1 = SFNM. 


The end of the interrupt register is a command regis- 
ter which can only be written into. The format of this 
register is shown in Figure 31. It initiates an EOI 
command when written to by the 80188 CPU. 


The bits in the EOI register are encoded as follows: 
Sx: 
Encoded information that specifies an in- 
terrupt source vector type as shown in 
Table 4. For example, to reset the In- 
Service bit for DMA channel 0, these bits 
should be set to 01010, since the vector 
type for DMA channel 0 is 10. 


NOTE: 
To reset the single In-Service bit for any of the 
three timers, the vector type for timer 0 (8) should 
be written in this register. 
NSPEC/: A bit that determines the type of EOI com- 
SPEC 
mand. Nonspecific = 1, Specific = O. 


inter 


These registers contain polling information. The for- 
mat of these registers is shown in Figure 32. They 
can only be read. Reading the Poll register consti- 
tutes a software poll. This will set the IS bit of the 
highest priority pending interrupt. Reading the poll 
status register will not set the IS bit of the highest 
priority pending interrupt; only the status of pending 
interrupts will be provided. 


Encoding of the Poll and Poll Status register bits are 
as follows: 


Sx: 
Encoded information that indicates the 
vector type of the highest priority inter- 
rupting source. Valid only when INTREQ 
= 1. 


INTREQ: This bit determines if an interrupt request 
is present. Interrupt Request = 1; no In- 
terrupt Request = O. 


When slave mode is used, the internal B01BBinter- 
rupt controller will be used as a slave controller to an 
external master interrupt controller. The internal 
B01BB resources will be monitored by the internal 


interrupt controller, while the external controller 
functions as the system master interrupt controller. 
Upon reset, the B01BBwill be in master mode. To 
provide for slave mode operation bit 14 of the relo- 
cation register should be set. 


Because of pin limitations caused by the need to 
interface to an external 8259A master, the internal 
interrupt controller will no longer accept external in- 
puts. There are however, enough 80188 interrupt 
controller inputs (internally) to dedicate one to each 
timer. In this mode, each timer interrupt source has 
its own mask bit, IS bit, and control word. 


In slave mode each peripheral must be assigned a 
unique priority to ensure proper interrupt controller 
operation. Therefore, it is the programmer's respon- 
sibility to assign correct priorities and initialize inter- 
rupt control regisers before enable interrupts. 


The configuration of the 80188 with respect to an 
external B259A master is shown in Figure 33. The 
INTO(pin 45) input is used as the B0188 CPU inter- 
rupt input. INT3 (pin 41) functions as an output to 
send the 80188 slave-interrupt-request to one of the 
8 master-PIC-inputs. 
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80188 


INTl 
(44) 
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INT3 
(41) 


_INTERRUPT 
SOURCES 
::::= OR OTHER 
SLAVES 
---- 


CASCADE 
ADDRESS 
DECODER 


Correct master-slave interface requires decoding of 
the slave addresses (CASO-2). Slave 8259As do 
this internally. Because of pin limitations, the 80188 
slave address will have to be decoded externally. 
INT1 (pin 44) is used as a slave-select input. Note 
that the slave vector address is transferred internal- 
ly, but the READY input must be supplied externally. 


INT2 (pin 42) is used as an acknowledge output, 
suitable to drive the INTA input of an 8259A. 


Slave mode operation allows nesting of interrupt re- 
quests. When an interrupt is acknowledged, the pri- 
ority logic masks off all priority levels except those 
with equal or higher priority. 


Vector Generation 
in the 


Slave Mode 


Vector generation in slave mode is exactly like that 
of an 8259A slave. The interrupt controller gener- 
ates an 8-bit vector which the CPU multiplies by four 
and uses as an address into a vector table. The sig- 
nificant five bits of the vector are user-programma- 
ble while the lower three bits are generated by the 
priority logic. These bits represent the encoding of 
the priority level requesting service. The significant 
five bits of the vector are programmed by writing to 
the Interrupt Vector register at offset 20H. 


In slave mode the specific EOI command operates 
to reset an in-service bit of a specific priority. The 
user supplies a 3-bit priority-level value that points to 
an in-service bit to be reset. The command is exe- 
cuted by writing the correct value in the Specific EOI 
register at offset 22H. 


Interrupt Controller 
Registers 


in the Slave Mode 


All control and command registers are located inside 
the internal peripheral control 
block. 
Figure 34 


shows the offsets of these registers. 


The end-of-interrupt register is a command register 
which can only be written. The format of this register 
is shown in Figure 35. It initiates an EOI command 
when written by the 80188 CPU. 


The bits in the EOI register are encoded as follows: 
Lx: 
Encoded value indicating the priority of the IS 
bit to be reset. 
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Figure 35. Specific 
EOI Register 
Format 
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Figure 36. In-Service, 
Interrupt 
Request, 
and Mask Register 
Format 


This register can be read from or written into. It con- 
tains the in-service bit for each of the internal inter- 
rupt sources. The format for this register is shown in 
Figure 36. Bit positions 2 and 3 correspond to the 
OMA channels; positions 0, 4, and 5 correspond to 
the integral timers. The source's IS bit is set when 
the processor acknowledges its interrupt request. 


This register indicates which internal peripherals 
have interrupt requests pending. The format of this 
register is shown in Figure 36. The interrupt request 
bits are set when a request arrives from an internal 
source, and are reset when the processor acknowl- 
edges the request. As in master mode, 00 and 01 
are read/write, all other bits are read only. 


The register contains a mask bit for each interrupt 
source. The format for this register is shown in Fig- 
ure 36. If the bit in this register corresponding to a 
particular interrupt source is set, any interrupts from 
that source will be masked. These mask bits are ex- 
actly the same bits which are used in the individual 
control registers, i.e., changing the state of a mask 
bit in this register will also change the state of the 
mask bit in the individual interrupt control register 
corresponding to the bit. 


These registers are the control words for all the in- 
ternal interrupt sources. The format of these regis- 
ters is shown in Figure 37. Each of the timers and 
both of the OMA channels have their own Control 
Register. 


The bits of the Control Registers are encoded as 
follows: 
prx: 
3-bit encoded field indicating a priority level 
for the source; note that each source must be 
programmed at specified levels. 


msk: mask bit for the priority level indicated by prx 


bits. 


LEVEL 5 CONTROL REGISTER 
(TIMER 2) 


LEVEL 4 CONTROL REGISTER 
(TIMER 1) 


LEVEL 3 CONTROL REGISTER 
(OMA1) 


LEVEL 2 CONTROL REGISTER 
(OMAO) 


LEVEL 0 CONTROL REGISTER 
(TIMER 0) 


INTERRUPT STATUS REGISTER 


INTERRUPT REQUEST REGISTER 


IN·SERVICE REGISTER 


PRIORITY·LEVEL MASK REGISTER 


MASK REGISTER 


SPECIFIC EOI REGISTER 


INTERRUPT VECTOR REGISTER 


OFFSET 


3AH 


Figure 34. Interrupt 
Controller 
Registers 


(Slave Mode) 


This register provides the upper five bits of the inter- 
rupt vector address. The format of this register is 
shown in Figure 38. The interrupt controller itself 
provides the lower three bits of the interrupt vector 
as determined by the priority level of the interrupt 
request. 


The format of the bits in this register is: 
tx: 
5-bit field indicating the upper five bits of the 
vector address. 


This register indicates the lowest priority-level inter- 
rupt which will be serviced. 


The encoding of the bits in this register is: 
mx: 
3-bit encoded field indication priority-level val- 
ue. All levels of lower priority will be masked. 


This register is defined as in master mode except 
that DHLT is not implemented. (See Figure 27). 
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Interrupt Controller 
and Reset 


Upon RESET, the interrupt controller will perform 
the following actions: 
• All SFNM bits reset to 0, implying Fully Nested 


Mode. 
• All PR bits in the various control registers set to 1. 


This places all sources at lowest priority (level 
111). 
• All LTM bits reset to 0, resulting in edge-sense 


mode. 


• All Interrupt Service bits reset to O. 
• All Interrupt Request bits reset to O. 
• All MSK (Interrupt Mask) bits set to 1 (mask). 
• All C (Cascade) bits reset to 0 (non-cascade). 
• All PRM (Priority Mask) bits set to 1, implying no 


levels masked. 


• Initialized to master mode. 


43210 
o 
I MSK I PR2 I PR1 I PRO I 
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Figure 38. Interrupt Vector Register Format 
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Figure 39. Priority Level Mask Register 
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RAM 


CS 
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ADDIIESS 
ADo-AD7 
1283 
BUS 
"'1015 
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ST8 
ill 
T 
Oi 
lSE 
10111 


NMI 
1211011 
HOLD 
8287 
DATA BUS 
':" 
TIIANIICEIVEII 


MULTI- 
MASTEII 
SYSTEM 
BUS 


CLKOUT 


~-A} 
IlUS CONTROL 
COMMANDS 


Ambient 
Temperature 
under Bias 
.... 
O·C to + 70·C 


Storage Temperature 
- 65·C to + 150·C 


Voltage 
on any Pin with 
Respect 
to Ground 
-1.0V 
to + 7V 


Power Dissipation 
3 Watt 


•Notice: Stresses above those listed under ':Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


D.C. CHARACTERISTICS 
(TA = O·Cto 
+70·C. 
Vcc = 5V ±10%) 


Applicable 
to 80188 (8 MHz) 


Symbol 
Parameter 
Min 
Max 
Units 
Test Conditions 


VIL 
Input Low Voltage 
-0.5 
+0.8 
V 


VIH 
Input High Voltage 
2.0 
Vcc 
+ 0.5 
V 
(All except X1 and RES) 


VIH1 
Input High Voltage 
(RES) 
3.0 
Vcc 
+ 0.5 
V 


Vcu 
X1 Input Low Voltage 
-0.5 
0.6 
V 


VCHI 
X1 Input High Voltage 


. 


3.9 
Vcc 
+ 1.0 
V 


VOL 
Output Low Voltage 
0.45 
V 
la = 2.5 mA for SO-52 
la = 2.0 mA for all other outputs 


VOH 
Output High Voltage 
2.4 
V 
loa = -400/-loA 


Icc 
Power Supply Current 
600· 
mA 
TA = -40·C 


550 
mA 
TA = O·C 


415 
mA 
TA = +70·C 


lu 
Input Leakage Current 
±10 
/-loA 
OV < VIN < Vcc 


ILO 
Output Leakage Current 
±10 
/-loA 
0.45V < VOUT < Vcc 


VCLO 
Clock Output Low 
0.6 
V 
la = 4.0mA 


VCHO 
Clock Output High 
4.0 
V 
loa = -200/-loA 


CIN 
Input Capacitance 
10 
pF 


CIO 
I/O Capacitance 
20 
pF 


A.C. CHARACTERISTICS 
(TA = O·Cto +70·C, vcc 
= 5V ±10%) 


80188 Timing 
Requirements 
All Timings 
Measured 
At 1.5 Volts Unless Otherwise 
Noted 


80188 
Test 
Symbol 
Parameter 
(8 MHz) 
Units 
Conditions 
Mln 
Max 


TDVCL 
Data in Setup (AID) 
20 
ns 


TCLDX 
Data in Hold (AID) 
10 
ns 


TARYHCH 
Asynchronous 
Ready 
20 
ns 
(ARDY) active setup 
time(1) 


TARYLCL 
ARDY inactive 
setup 
35 
ns 
time 


TCLARX 
ARDY hold time 
15 
ns 


TARYCHL 
Asynchronous 
Ready 
15 
ns 
inactive 
hold time 


TSRYCL 
Synchronous 
Ready 
20 
ns 
(SRDY) Transition 
Setup Time(2) 


TCLSRY 
SRDY Transition 
15 
ns 
Hold Time(2) 


THVCL 
HOLD Setup(1) 
25 
ns 


TINVCH 
INTR, NMI, TEST, 
25 
ns 
TMR IN, Setup(1) 


TINVCL 
DRQO, DRQ1, Setup(1) 
25 
ns 


TCLAV 
Address 
Valid Delay 
5 
55 
ns 


TCLAX 
Address 
Hold 
10 
ns 


TCLAZ 
Address 
Float Delay 
TCLAX 
35 
ns 


TCHCZ 
Command 
Lines 
45 
ns 
Float Delay 


TCHCV 
Command 
Lines Valid 
55 
ns 
Delay (after float) 


TLHLL 
ALE Width 
TCLCL -35 
ns 


TCHLH 
ALE Active 
Delay 
35 
ns 
CL = 20-200 
pF 
TCHLL 
ALE Inactive 
Delay 
35 
ns 
all outputs 
(except 
TCLTMV) 


TLLAX 
Address 
Hold to 
TCHCL -25 
ns 
@8MHz 


ALE Inactive 


TCLDV 
Data Valid Delay 
10 
44 
ns 


TCLDOX 
Data Hold Time 
10 
ns 


TWHDX 
Data Hold after WR 
TCLCL -40 
ns 


TcVCTV 
Control 
Active 
Delay 1 
5 
50 
ns 


TCHCTV 
Control 
Active 
Delay 2 
10 
55 
ns 


TCVCTX 
Control 
Inactive 
Delay 
5 
55 
ns 


TCVDEX 
DEN Inactive 
Delay 
10 
70 
ns 
(Non-Write 
Cycle) 


1. To guarantee 
recognition 
at next clock. 
2. To guarantee 
proper 
operation. 


inter 


A.C. CHARACTERISTICS 
(TA = D·C to + 7D·C, VCC = 5V ± 1D%) (Continued) 


80188 
Master 
Interface 
Timing 
Responses 
(Continued) 


80188 
Test 
Symbol 
Parameter 
(8 MHz) 
Units 
Conditions 
Mln 
Max 


TAZAL 
Address 
Float to 
0 
ns 
RDActive 


TCLAL 
RD Active 
Delay 
10 
70 
ns 


TCLAH 
RD Inactive 
Delay 
10 
55 
ns 


TAHAV 
RD Inactive 
to 
TCLCL -40 
ns 
Address 
Active 


TCLHAV 
HLDA Valid Delay 
5 
50 
ns 


TALAH 
RDWidth 
2TCLCL -50 
ns 


TWLWH 
WRWidth 
2TCLCL -40 
ns 


TAVLL 
Address 
Valid to 
TCLCH -25 
ns 
ALE Low 


TCHSV 
Status Active 
Delay 
10 
55 
ns 


TCLSH 
Status 
Inactive 
Delay 
10 
65 
ns 


TCLTMV 
Timer Output 
Delay 
60 
ns 
100pF 
max 


TCLAO 
Reset Delay 
60 
ns 


TCHQSV 
Queue Status Delay 
35 
ns 


TCHDX 
Status 
Hold Time 
10 
ns 


TAVCH 
Address 
Valid to 
10 
ns 
Clock High 


TCLLV 
IT5Ci< Valid/Invalid 
5 
65 
ns 
Delay 


TCLCSV 
Chip-Select 
66 
ns 
Active 
Delay 


Tcxcsx 
Chip-Select 
Hold from 
35 
ns 
Command 
Inactive 


TCHCSX 
Chip-Select 
5 
35 
ns 
Inactive 
Delay 


TCKIN 
CLKIN 
Period 
62.5 
250 
ns 


TCKHL 
CLKIN 
Fall Time 
10 
ns 
3.5to 
1.0V 


TCKLH 
CLKIN 
Rise Time 
10 
ns 
1.0to 
3.5V 


TCLCK 
CLKIN 
Low Time 
25 
ns 
1.5V 


TCHCK 
CLKIN High Time 
25 
ns 
1.5V 


inter 


A.C. CHARACTERISTICS 
(Continued) 
(TA = O·C to + 70·C, VCC = 5V ± 10%) (Continued) 
80188 CLKOUT Timing (200 pF load) 


80188 
Test 
Symbol 
Parameter 
(8 MHz) 
Units 
Conditions 
Mln 
Max 


TCICO 
CLKINto 
50 
ns 
CLKOUTSkew 


TCLCL 
CLKOUT Period 
125 
500 
ns 
. 


TCLCH 
CLKOUT Low Time 
% TCLCL-7.5 
ns 
1.5V 


TCHCL 
CLKOUT High Time 
% TCLCL-7.5 
ns 
1.5V 


TCH1CH2 
CLKOUT Rise Time 
15 
ns 
1.0 to 3.5V 


TCL2CLl 
CLKOUT Fall Time 
15 
ns 
3.5 to 1.0V 


Explanation 
of the AC Symbols 


Each timing symbol 
has from 5 to 7 characters. 
The 


first character 
is always a "T" 
(stands for time). The 


other 
characters, 
depending 
on 
their 
positions, 
stand for the name of a signal or the logical status of 
that signal. The following 
is a list of all the charac- 


ters and what they stand for. 


A: 
Address 


ARY: 
Asynchronous 
Ready Input 


C: 
Clock Output 


CK: 
Clock 
Input 


CS: 
Chip Select 


CT: 
Control 
(DT IR, DEN, ... 
) 


0: 
Data Input 


DE: 
DEN 


H: 
Logic Level High 


IN: 
Input (DROO, TIMO, ... 
) 


L: 
Logic Level Low or ALE 


0: 
Output 


OS: 
Oueue Status 
(051, 
052) 


R: 
RD Signal, RESET Signal 


5: 
Status (SO, 51, 52) 


SRY: 
Synchronous 
Ready 
Input 


V: 
Valid 


W: 
WR Signal 


X: 
No Longer a Valid Logic Level 


Z: 
Float 


Examples: 


TCLAV- 
Time from Clock 
Low to Address 
Valid 


TCHLH- 
Time from Clock 
High to ALE High 


TCLCSV- 
Time from Clock LOW to Chp Select Valid 


inter 


mo,,,,!. 
I-- -' 2: 
I--TCLCL- 
r--"I 
~ 
~ 


~ 
TCHSV ~ 
TCHCL '---- 
(NOTE2 
~ 
~ 


VeL 
-I 
~ 
-!TCLSH 
--.. 
•••• 
_ 
~ 
/,f///////// 
,.. ..- 
TCLAV I- 
.•...• 
TCLDV 
~ 
TCLAX .•...• 
TCHDX 


.~ 
S7,A19-A16 
K 
57_53 


TCLAV-- 
I( 
A15-AB 
(FLOAT DURING INTA) 


TLHLL 
TLLAX 
1 
... ---- 


TAVLL 
,, 
H 
... .... 


TCHLH 
...• 
.•.. CHLL 
TCLAV .... 
~ 


TCrDV 
TCLAX 
TCLDOX- - 
A7-AO 
DATA OUT 
- 
TAVCH .•..• 
.•.....I---- TLLAX 
lWHDX 


TCVCTV~ 
TCVCTX-I 
, 
.j 


TCVCTV 
lWLWH 
" 
TCVCTX.•...•. 


TCLDX .•...•. 


f---jTCLAZ 
TDVCL 


1 


FLOAT A eo,,,," 
FLOAT 


TCHCTV --j 
1\HTCHCTV 


~ 
.j 


TCVCTV 
~ 
L/ 
I~ 
11/ / 


TCVCTV- P 
TCVDEX- 


r.; 


~ 
~ 


)I( 
INVALID ADDRESS 


TCLAV::.j 
----==1 TCHCSX 
~TCLCSV 
TCXCSX 
\ 
f 


S7' 


A19/S6-A16/S3 


RD,INTA. 


DT/R=VOH 


SOFTWARE HALT-DT!R=VOL' 


RD.WR,INTA.DEN=VOH 


PCS, 
MCS 


LCS. 


UCS 
(NOTE3) 


inter 


NOTES: 
1. INTA occurs 
one clock 
later in Slave 
Mode. 
2. Status 
inactive 
just prior to T4. 
3. Latched 
A 1 and A2 have same timings 
as PCS5 and PCS6. 


inter 


Nt.fl, 
TEST, 
INTO-3 
TIt.fERIN 


---, 
1-::- 


___ 
/_TCL_LVU 


DROO. 
DROl 


inter 


CLKOUT:sF 
THVCL 


HOLD 


iTCLAV 


lOt. 


AllIN-All/sa. 


IRl,WII, 


87, 
DT/ll, 
n-~ 
DlCK 


inter 


The Intel EXPRESS 
system offers enhancements 
to 
the 
operational 
specifications 
of the 
80188 
micro- 
processor. 
EXPRESS 
products 
are 
designed 
to 
meet the needs of those applications 
whose 
operat- 
ing requirements 
exceed 
commercial 
standards. 


The 
EXPRESS 
program 
includes 
the 
commercial 
standard 
temperature 
range with burn-in and an ex- 
tended 
temperature 
range without 
burn-in. 


With 
the 
commercial 
standard 
temperature 
range, 
operational 
characteristics 
are guaranteed 
over the 
temperature 
range of O°C to 70°C. With the extend- 
ed temperature 
range option, 
operational 
character- 
istics 
are guaranteed 
over the 
range 
of 
-40°C 
to 
+ 85°C. 


The optional 
burn-in is dynamic, 
for a minimum 
time 
of 160 hours 
at 125°C with VCC = 5.5V 
± 0.25V, 
following 
guidelines 
in MIL-STD-883, 
Method 
1015. 


Package types and EXPRESS versions 
are identified 
by a one or two-letter 
prefix to the part number. 
The 
prefixes are listed in Table 16. All AC and DC specifi- 
cations 
not mentioned 
in this section 
are the same 
for both commercial 
and EXPRESS 
parts. 


Table 16. Prefix Identification 


Prefix 
Package 
Temperature 
Bum-In 
Type 
Range 


A 
PGA 
Commercial 
No 


N 
PLCC 
Commercial 
No 


R 
LCC 
Commercial 
No 


TA 
PGA 
Extended 
No 


OR 
LCC 
Commercial 
Yes 


NOTE: 
Not all package/temperature 
range combinations 
are avail- 
able. 


inter 


Since the bus interface unit and execution unit oper- 
ate independently, a determination of 80188 pro- 
gram execution timing must consider the bus cycles 
necessary to prefetch instructions as well as the 
number of execution unit cycles necessary to exe- 
cute instructions. The following instruction timings 
represent the minimum execution time in clock cy- 
cles for each instruction. The timings given are 
based on the following assumptions: 


• The opcode, along with any data or displacement 


required for execution of a particular instruction, 
has been prefetched and resides in the queue at 
the time it is needed. 


• No wait states or bus HOLDs occur. 


All instructions which involve memory accesses can 
also require one or two additional clocks above the 
minimum timings shown due to the asynchronous 
handshake between the BIU and execution unit. 


All jumps and calls include the time required to fetch 
the opcode of the next instruction at the destination 
address. 


The 80188 8-bit BIU is noticeably limited in its per- 
formance relative to the execution unit. A sufficient 
number of prefetched bytes may not reside in the 
prefetch queue much of the time. Therefore, actual 
program execution time may be substantially greater 
than that derived from adding the instruction timings 
shown. 


inter 


Format 
Clock 
Comments 
Function 
Cycles 


DATA TRANSFER 
MOV = Move: 


Register to registerlmemory 
1000100w 
mod reg rIm 
2/12' 


RegisterI memory to register 
1000101w 
mod reg rIm 
2/9' 


Immediate to registerlmemory 
1100011 
w 
mod 000 rIm 
data 
I 
dataifw=1 
I 
12/13' 
S/16-bit 


Immediate to register 
1011 
w reg 
data 
data ifw= 1 
I 
3/4 
S/16-bit 


Memory to accumulator 
1010000w 
addr-Iow 
addr-high 
I 
S' 


Accumulator to memory 
1010001w 
addr-Iow 
addr-high 
I 
9' 


Registerlmemory to segment register 
10001110 
mod o reg rIm I 
2/13 


Segment register to registerlmemory 
10001100 
mod 0 reg rIm I 
2/15 


PUSH = Push: 


Memory 
11111111 
I mod 11 0 rIm I 
20 


Register 
01010reg 
I 
14 


Segment register 
000regll0 
I 
13 


Immediate 
011010s0 
I 
data 
I 
datans-o 
I 
14 


PUSHA - 
Push All 
01100000 
I 
68 


POP = Pop: 


Memory 
10001111 
I 
mod 0 0 0 rIm I 
24 


Register 
01011 
reg I 
14 


Segment register 
OOOreg 111 I 
(reg"OI) 
12 


POPA = Pop All 
01100001 
I 
83 


XCHG ~ Exchsnge: 


Registerlmemory with register 
I 
1000011w 
I 
mod reg rIm 
I 
4/17' 


Register with accumulator 
I 
10010reg 
I 
3 


IN ~ Input from: 


Fixed port 
I 
1110010w 
I 
port 
I 
10' 


Variable port 
I 
1110110w 
I 
S' 


OUT ~ Output to: 


Fixed port 
1110011 
w I 
port 
I 
9' 


Variable port 
1110111 
w I 
7' 


XLAT = Translate byte to AL 
11010111 
15 


LEA = Load EA to register 
10001101 
mod reg rIm 
I 
6 


LOS ~ Load pointer to OS 
11000101 
mod reg rIm 
I 
(mod"ll) 
26 


LES = Load pointer to ES 
11000100 
mod reg rIm 
I 
(rllod"ll) 
26 


LAHF = Load AH with flags 
10011111 
2 


SAHF = Store AH into flags 
10011110 
3 


PUSHF ~ Push flags 
10011100 
13 


Shaded 
areas indicate 
instruct ons not available 
in 8086, 8088 microsystems. 
'Note: 
Clock cycles shown for byte transfer. 
For word operations, 
add 4 clock cycles for all memory 
transfers. 


Function 
Fo.",.t 
Clock 
Commenta 
Cycle. 


DATA TRANSFER (Continued) 


POPF = Pop flags 
10011101 
12 


SEGMENT = Segment Override: 


CS 
00101110 
2 


SS 
00110110 
2 


OS 
00111110 
2 


ES 
00100110 
2 


ARITHMETIC 
ADD = Add: 


Reg/memory with register to either 
I 
OOOOOOdw I 
mod reg rIm 
I 
3/10' 


Immediate to register/memory 
I 
100000sw 
I modOOO rIm I 
data 
I data ils w= 01 I 
4/16' 


Immediate to accumulator 
I 0000010w 
I 
data 
I 
data ifw=1 
I 
3/4 
8/16-bit 


ADC = Add with cenry: 


Reg/memory with register to either 
I 
000100dw 
I 
mod reg rIm 
I 
3/10' 


Immediate to register/memory 
I 
100000sw 
I modO 1 0 rIm I 
data 
I data ils w~01 I 
4/16' 


Immediate to accumulator 
I 0001010w 
I 
data 
I 
dataifw= 
1 
I 
3/4 
8/16-bit 


INC ~ Increment: 


Register/memory 
I 
1111111w 
I modOOO rIm I 
3/15' 


Register 
I 01000 
reg 
I 
3 


SUB ~ Subtract: 


Reg/ memory and register to either 
I 001010dw 
I 
mod reg rIm 
I 
3/10' 


Immediate from register/memory 
I 
100000sw 
I mod 1 01 rIm I 
data 
I data if s w~ 01 I 
4/16' 


Immediate from accumulator 
I 0010110w 
I 
data 
I 
data~w=1 
I 
3/4 
8/16-bit 


SBB = Subtract with borrow: 


Reg/memory and register to either 
I 
000110dw 
I 
mod reg rIm 
I 
3/10' 


Immediate from register/memory 
I 
100000sw 
I modO 11 rIm I 
data 
I data if s w=01 I 
4/16' 


Immediate from accumulator 
I 0001110w 
I 
data 
I 
dataifw~1 
I 
3/4 
8/16-M 


DEC = Decrement: 


Register/memory 
I 
1111111w 
I modOO 1 rIm I 
3/15' 


Register 
I 01001 
reg 
I 
3 


CMP = Compare: 


Register/memory with register 
0011101w 
modreg rIm I 
3/10' 


Register with register/memory 
0011100w 
mod reg rIm 
I 
3/10' 


Immediate with register/memory 
100000sw 
mod 111 
rIm I 
data 
I data ils w = 01 I 
3/10' 


Immediate with accumulator 
0011110w 
data 
I 
data ~w= 1 I 
3/4 
8/16-bit 


NEG = Change sign register/memory 
1111011w 
modO 11 rIm I 
3/10' 


AAA = ASCII adjust for add 
00110111 
8 


DAA ~ Decimal adjust for add 
00100111 
4 


AAS = ASCII adjust for subtract 
00111111 
7 


DAS ~ Decimal adjust for subtract 
I 
00101111 
I 
4 


Shaded 
areas indicate 
instructions 
not available 
in 8086, 8088 microsystems. 


°Note: Clock cycles shown for byte transfer. 
For word operations, 
add 4 clock cycles for all memory transfers. 


Format 
Clock 
Comments 
Function 
Cycles 


LOGIC(Continued) 


TEST= And function to flags, no result: 


Register/memoryandregister 
I 
1000010w 
I 
modreg rIm I 
3/10' 


Immediatedataand register/memory I 
1111011 
w I modOOO rIm I 
data 
I 
dataifw=1 
I 
4/10' 


Immediatedataandaccumulator 
I 
1010100w 
I 
data 
I 
dataifw=1 
I 
3/4 
8/16-bit, 


OR=Or: 


Reg/memoryandregisterto either 
I 
000010dw 
I 
modreg rIm 
I 
3/10' 


I 
I 
I 
I 
I 


, 


Immediateto register/memory 
1000000w 
modO01 rIm 
data 
dataifw=1 
4/16' 


Immediateto accumulator 
I 
0000110w 
I 
data 
I 
dataifw=1 
I 
3/4 
B/16-bit 


XOR = Exclusive or: 


Reg/memoryand registerto either 
I 001100dw 
I 
modreg rIm 
I 
3/10' 


immediateto register/memory 
I 1000000w 
I mod 110 
rIm I 
data 
I 
dataifw~1 
I 
4/16' 


immediateto accumulator 
I 
0011010w 
I 
data 
I 
dataifw=1 
I 
3/4 
B/16-bit 


NOT = invert register/memory 
I 1111011 
w I mod010 
rIm I 
3/10' 


STRINGMANIPULATION: 


MOVs = Movebyte/word 
I 1010010w 
14' 


CMPs = Comparebyte/word 
I 
1010011 
w 
22' 


sCAs = Scanbyte/word 
I 
1010111 
w 
15' 


LODs = Loadbyte/wd to AL/AX 
I 
1010110w 
12' 


sTOs = Storebyte/wd from All AX 
I 
1010101 
w 
10' 


INS = Inputbyte/wd from OXpori 
I 0110110w 
14 


OUTS= Outputbyte/wd to OXpOrt I 0110111w 
I 
14 
- -- --,- 


Repeatedby count in CX(REP/REPE/REPZ/REPNE/REPNZ) 


MOVs = Movestring 
11110010 
1010010w 
B+Bn' 


CMPs = Comparestring 
1 111001 
z 
1010011 
w 
5+22n' 


SCAS ~ Scanstring 
1111001 
z 
1010111 
w 
5+15n' 


LODs = Loadstring 
11110010 
1010110w 
6+11n' 


STOS = Storestring 
11110010 
1010101 
w 
6+9n' 


INS = Inputstring 
I 11110010 
0110110w 
I 
6+8n' 


OUTS = Outputstring 
I 11110010 
I 0110111w 
I 
6+6n' 


Shaded 
areas indicate 
instructions 
not available 
in 8086, 8088 microsystems. 
"Note: 
Clock cycles shown for byte transfer. 
For word operations, 
add 4 clock cycles for all memory transfers. 


inter 


Function 
Format 
Clock 
Commenta 
Cycl •• 


CONTROL TRANSFER 


CALL = Call: 


Direct within segment 
I 
11101000 
I 
disp·low 
I 
disp-high 
I 
19 


Register/memory 
I 
11111111 
I modO 1a rIm I 
17/27 
indirect within segment 


Direct intersegment 
I 
100 110 10 I 
segment offset 
I 
31 


I 
segment selector 
I 


Indirect intersegment 
I 
11111111 
I modO 11 rIm I 
(mod * 11) 
54 


JMP = Unconditional Jump: 


Short/long 
I 
11101011 
I 
disp-Iow 
I 
14 


Direct within segment 
I 
1110100 
1 I 
disp-Iow 
I 
disp-high 
I 
14 


Register/memory 
I 
11111111 
I mod 10 a rIm I 
11/21 
indirect within segment 


Direct intersegment 
I 
11101010 
I 
segment offset 
I 
14 


segment selector 
I 


Indirect intersegment 
11111111 
mod 1 01 rIm I 
(mod * 11) 
34 


RET = Return from CALL: 


Within segment 
110000 
11 
20 


Within seg adding immed to SP 
11000010 
data-low 
I 
data-high 
I 
22 


Intersegment 
1100 
10 11 
30 


Intersegment adding immediate to SP 
1100 
10 10 
data-low 
I 
data-high 
I 
33 


JE/ JZ ~ Jump on equal/zero 
a 1110 
1 00 
disp 
I 
4/13 
JMP not 


JL/JNGE = Jump on less/not greater or equal 
01111100 
disp 
4/13 
taken/JMP 
taken 
JLE/JNG = Jump on less or equal/not greater 
a 1111110 
disp 
4/13 


JB/JNAE = Jump on below/not above or equal 
01110010 
disp 
4/13 


JBE/JNA = Jump on below or equal/not above 
a 1110 
110 
disp 
4/13 


JP/JPE = Jump on parity/parity even 
a 11110 
10 
disp 
4/13 


JO = Jump on overflow 
01110000 
disp 
4/13 


JS = Jump on sign 
01111000 
disp 
I 
4/13 


JNE/JNZ = Jump on not equal/not zero 
a 1110 
1 01 
disp 
I 
4/13 


JNL/JGE = Jump on not less/greater or equal 
a 11111 
01 
disp 
I 
4/13 


JNLE/JG = Jump on not less or equal/greater 
01111111 
disp 
I 
4/13 


JNB/JAE = Jump on not below/above or equal 
011100 
11 
disp 
I 
4/13 


JNBE/JA = Jump on not below or equal/above 
a 1110 
111 
disp 
I 
4/13 


JNP/JPO = Jump on not par/par odd 
a 1111 
011 
disp 
I 
4/13 


Shaded 
areas indicate 
instructions 
no 
available 
in 8086. 8088 microsystems. 
'Note: 
Clock cycles shown for byte transfer. 
For word operations. 
add 4 clock cycles for all memory transfers. 


Format 
Clock 
Comments 
Function 
Cycles 


CONTROL TRANSFER (Continued) 


JNO = Jump on not overflow 
01110001 
I 
disp 
I 
4/13 


JNS = Jump on not sign 
01111001 
I 
disp 
I 
4/13 


JCXZ = Jump on CX zero 
11100011 
disp 
I 
5/15 


LOOP = Loop CX times 
11100010 
disp 
I 
6/16 
LOOP not 


I 
6/16 
taken/LOOP 
LOOPZ/LOOPE = Loop while zero/equal 
11100001 
disp 
taken 
LOOPNZ/LOOPNE = Loop while not zero/equal 
11100000 
disp 
I 
6/16 


ENTER = Enter Procedure 
11001000 
deta-low I 
deta-high I 
L I 
L=O 
15 


L=1 
25 
L>1 
22+16(n-1) 


LEAVE = Leave Procedure 
I 11001001 
I 
6 


INT = Interrupt: 


Type specified 
I 
11001101 
I 
type 
I 
47 


Type 3 
I 
11001100 
I 
45 
if INT. taken/ 


INTO = Interrupt on overflow 
I 
11001110 
I 
48/4 
il INT. not 


taken 


IRET = Interrupt return 
I 
11001111 
I 
28 


BOUND = Detect value 0U1of range 
I 01100010 
I modl'lll! 
rim I 
33-35 


PROCESSORCONTROL 


CLC = Clear carry 
11111000 
I 
2 


CMC = Complement carry 
11110101 
I 
2 


STC = Set carry 
11111001 
I 
2 


CLO = Clear direction 
11111100 
I 
2 


STO = Set direction 
11111101 
I 
2 


CLI = Clear interrupt 
11111010 
I 
2 


STI = Set interrupt 
I 
11111011 
2 


HLT = Halt 
I 
11110100 
2 


WAIT = Wait 
I 
10011011 
6 
ilTEST = 0 


LOCK = Bus lock prefix 
I 
11110000 
2 


ESC = Processor Extension Escape 
I 11011 
TTT 
mod LLL rIm I 
6 


(TTT LLL are ope de to processor extension) 


NOP = No Operation 
I 
10010000 
I 
3 


Shaded 
areas indicate 
instructions 
not available 
in 8086, 8088 micro systems. 


'Note: 
Clock cycles shown for byte transfer. 
For word operations, 
add 4 clock cycles for all memory transfers. 


inter 


The Effective 
Address 
(EA) of the memory 
operand 
is computed 
according 
to the mod and rim fields: 


if mod = 01 then 
OISP = disp-Iow 
sign-extended 
to 
16-bits, 
disp-high 
is absent 


if rim = 000 then 
EA = (BX) + (51) + OISP 


if rim = 001 then 
EA = (BX) + (01) + OISP 


018P follows 
2nd byte of instruction 
(before 
data if 
required) 


·except 
if mod 
= 00 and rim = 110 then 
EA = 
disp-high: 
disp-Iow. 


EA calculation 
time is 4 clock 
cycles 
for all modes, 
and is included 
in the execution 
times given whenev- 
er appropriate. 


Segment 
Override 
Prefix 
I 0 
0 
1 
reg 
1 
1 
0 I 


reg is assigned 
according 
to the following: 


Segment 
Register 
E8 
C8 
88 
08 


16-Bit (w = 1) 
000 AX 
001 CX 
010 OX 
011 BX 
1008P 
101 BP 
11081 
111 01 


8·Bit (w = 0) 
000 AL 
001 CL 
0100L 
011 BL 
100AH 
101 CH 
1100H 
111 BH 


The physical 
addresses 
of all operands 
addressed 
by the BP register 
are computed 
using the 88 
seg- 
ment register. 
The physical 
addresses 
of the desti- 
nation 
operands 
of the 
string 
primitive 
operations 
(those 
addressed 
by the 01 register) 
are computed 
using the E8 segment, 
which may not be overridden. 


inter 


The sections 
significantly 
revised 
since version 
-008 are: 
Pin Description Table 
Noted RES to be low more than 4 clocks. Connections to X1 and X2 
clarified. 
Moved and clarified note concerning TC condition for ST/STOP clearing 
during unsynchronized transfers. 
Renamed iRMX Mode to Slave Mode. 
Noted that DOand 01 are read/write, others read-only. 
Clarified effect of bus width. 
10 MHz 80188 no longer offered. 


Interrupt Controller, etc. 
Interrupt Request Register 
Execution Timings 
A.C. Characteristics 


The sections 
significantly 
revised 
since version 
-009 are: 


Pin Description Table 
Various descriptions rewritten for clarity. 


Interrupt Vector Table 
Redrawn for clarity. 


A.C. Characteristics 
Added reminder that TSRYCL and TCLSRY must be met. 


Explanation of the A.C. Symbols 
New section. 
Major Cycle Timing Waveforms 
TCLRO indicated. 


inter 
80C188 
CHMOS HIGH INTEGRATION 
16·BIT MICROPROCESSOR 
• Operation Modes Include: 
• Direct Addressing 
Capability to 


- 
Enhanced Mode Which Has 
1 MByte Memory and 64 KByte 110 
- 
DRAM Refresh 
• Completely Object Code Compatible 
- 
Power-Save Mode 
with All Existing 8086/8088 Software 
- 
Compatible Mode 
and Also Has 10 Additional 
Instructions 
- 
NMOS 80188 Pin for Pin 
over 8086/8088 
Replacement for Non-Numerics 
Applications 
• Complete System Development 
• Integrated 
Feature Set 
Support 
- 
All 8088 and NMOS 80188 Software 
- 
Enhanced 80C86/C88 CPU 
Development Tools Can Be Used for 
- 
Clock Generator 
80C186 System Development 
- 
2 Independent 
DMA Channels 
- 
ASM86 Assembler, PL/M-86, 
- 
Programmable 
Interrupt Controller 
Pascal-86, Fortran-86, C-86 and 
- 
3 Programmable 
16-Blt Timers 
System Utilities 
- 
Dynamic RAM Refresh Control Unit 
-In-Circult-Emulator 
(ICETM-188) 
- 
Programmable 
Memory and 
Peripheral Chip Select Logic 
• Available In 68 Pin: 


- 
Programmable Wait State Generator 
- 
Plastic Leaded Chip Carrier (PLCC) 
- 
Local Bus Controller 
- 
Ceramic Pin Grid Array (PGA) 
- 
Power Save Mode 
- 
Ceramic Leadless Chip Carrier 


- 
System-Level Testing Support (High 
(JEDEC A Package) 
Impedance Test Mode) 
(See Packaging 
Outlines 
and Dimensions, 
Order 
Number 


231369) 
• Available in 16 MHz (80C188-16), 
• Available in EXPRESS: 
12.5 MHz (80C188-12) and 10 MHz 
- 
Standard Temperature 
with Burn-In 
(80C188) Versions 
- 
Extended Temperature 
Range 


(- 40·C to + 85·C) 


The Intel 80C188 
is a CHMOS 
high integration 
microprocessor. 
It has features 
which 
are new to the 80186 
family which 
include 
a DRAM refresh 
control 
unit, power-save 
mode. When 
used in "compatible" 
mode, the 
80C188 
is 100% pin-for-pin 
compatible 
with the NMOS 80188 (except for 8087 applications). 
The "enhanced" 
mode of operation 
allows the full feature set of the 80C188 to be used. The 80C188 is upward compatible 
with 
8086 and 8088 software 
and fully compatible 
with 80186 
and 80188 
software, 
except 
for numerics 
applica- 
tions. 
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TEST 
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RES 


RESET 
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Symbol 
Pin No. 
Type 
Name and Function 


Vcc 
9 
I 
System 
Power: + 5 volt power supply. 
43 
I 


Vss 
26 
I 
System Ground. 
60 
I 


RESET 
57 
0 
Reset Output indicates 
that the 80C188 CPU is being reset, and can 
be used as a system reset. It is active HIGH, synchronized 
with the 
processor 
clock, and lasts an integer number of clock periods 
corresponding 
to the length of the RES signal. Reset goes inactive 2 
clockout 
periods after RES goes inactive. When tied to the TEST pin, 


Reset forces the 80C188 into enhanced 
mode. Reset Output is not 
floated 
during bus hold. 


X1 
59 
I 
Crystal Inputs X1 and X2 provide external connections 
for a 
X2 
58 
0 
fundamental 
mode or third overtone 
parallel resonant 
crystal for the 
internal oscillator. 
X1 can connect 
to an external 
clock instead of a 
crystal. In this case, minimize the capacitance 
on X2. The input or 
oscillator 
frequency 
is internally 
divided by two to generate 
the clock 
signal (CLKOUT). 


CLKOUT 
56 
0 
Clock Output provides 
the system with a 50% duty cycle waveform. 
All device pin timings are specified 
relative to CLKOUT. 
CLKOUT 
is 
active during reset and bus hold. 


RES 
24 
I 
An active RES causes the 80C188 to immediately 
terminate 
its 
present activity, clear the internal 
logic, and enter a dormant 
state. 


This signal may be asynchronous 
to the 80C188 clock. The 80C188 
begins fetching 
instructions 
approximately 
6% clock cycles after RES 
is returned 
HIGH. For proper initialization, 
Vcc must be within 
specifications 
and the clock signal must be stable for more than 4 
clocks with RES held LOW. RES is internally 
synchronized. 
This input 
is provided with a Schmitt-trigger 
to facilitate 
power-on 
RES 
generation 
via an RC network. 


TEST 
47 
I 
The TEST pin is sampled 
during and after reset to determine 
whether 
the 80C188 is to enter Compatible 
or Enhanced 
Mode. Enhanced 
Mode requires TEST to be HIGH on the rising edge of RES and LOW 
four clocks later. Any other combination 
will place the 80C188 
in 
Compatible 
Mode. A weak internal pullup (7500 
± 20%) insures a 
HIGH state when the pin is not driven. This pin is examined 
by the 
WAIT instruction. 
If the TEST input is HIGH when WAIT execution 
begins, instruction 
execution 
will suspend. 
TEST will be resampled 
every five clocks until it goes LOW, at which time execution 
will 
resume. If interrupts 
are enabled while the 80C188 is waiting for 
TEST, interrupts 
will be serviced. 


TMR INO 
20 
I 
Timer Inputs are used either as clock or control 
signals, depending 
TMR IN 1 
21 
I 
upon the programmed 
timer mode. These inputs are active HIGH (or 
LOW-to-HIGH 
transitions 
are counted) 
and internally 
synchronized. 
Timer Inputs must be tied HIGH when not being used as clock or 
retrigger 
inputs. 


TMROUTO 
22 
0 
Timer outputs are used to provide single pulse or continous 
waveform 
TMROUT1 
23 
0 
generation, 
depending 
upon the timer mode selected. 
These outputs 
are not floated 
during a bus hold. 
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Symbol 
Pin No. 
Type 
Name and Function 


DRQO 
18 
I 
DMA Request 
is asserted 
HIGH by an external 
device when it is 
DRQ1 
19 
I 
ready for DMA Channel 
0 or 1 to perform 
a transfer. 
These signals 


are level-triggered 
and internally 
synchronized. 


NMI 
46 
I 
The Non-Maskable 
Interrupt 
input causes a Type 2 interrupt. 
An 


NMI transition 
from LOW to HIGH is latched and synchronized 


internally, 
and initiates the interrupt 
at the next instruction 


boundary. 
NMI must be asserted 
for at least one clock. The Non- 


Maskable 
Interrupt 
cannot 
be avoided 
by programming. 


INTO 


" 
45 
I 
Maskable 
Interrupt 
Requests 
can be requested 
by activating 
one of 
INT1 
44 
I 
these pins. When configured 
as inputs. these pins are active HIGH. 


INT2/INTAO 
42 
I/O 
Interrupt 
Requests 
are synchronized 
internally. 
INT2 and INT3 may 


INT3/INTA1 
41 
I/O 
be configured 
to provide active-LOW 
interrupt-acknowledge 
output 


signals. All interrupt 
inputs may be configured 
to be either edge- or 


level-triggered. 
To ensure recognition, 
all interrupt 
requests 
must 


remain active until the interrupt 
is acknowledged. 
When slave mode 


is selected. 
the function 
of these pins changes 
(see Interrupt 


Controller 
section of this data sheet). 


A19/56 
65 
0 
Address 
Bus Outputs 
(16-19) 
and Bus Cycle 5tatus 
(3-6) 
indicate 
A18/55 
66 
0 
the four most significant 
address bits during T 1. These signals are 


A17/54 
67 
0 
active HIGH. During T2. T3. Tw, and T4, status information 
is 


A16/53 
68 
0 
available 
on these lines as encoded 
below: 


During T2. T3. Tw, and T4, the 56 pin is LOW to indicate 
a CPU- 
initiated bus cycle or HIGH to indicate a DMA-initiated 
bus cycle. 


During the same T-states, 
53, 54, and 55 are always LOW. 


These outputs are floated 
during a bus hold or reset. 


A15 
1 
0 
Address-Only 
Bus (15-8) 
contains 
valid addresses 
from T 1- T4. 


A14 
3 
0 
The bus is active high. These outputs are floated 
during a bus hold 


A13 
5 
0 
or reset. 


A12 
7 
0 


A11 
10 
0 


A10 
12 
0 


A9 
14 
0 


A8 
16 
0 


AD7 
2 
I/O 
Address/Data 
Bus (7-0) 
signals constitute 
the time multiplexed 
AD6 
4 
I/O 
memory or I/O address 
(T1) and data (T2, T3. Tw, and T4) bus. The 


AD5 
6 
I/O 
bus is active high. These pins are floated 
during a bus hold or reset. 


AD4 
8 
I/O 


AD3 
11 
I/O 


AD2 
13 
I/O 


AD1 
15 
I/O 


ADO 
17 
I/O 


RFSH 
64 
0 
In compatible 
mode. RF5H is HIGH. In enhanced 
mode, RFSH is 


asserted 
LOW to signify a refresh bus cycle. The RFSH output pin 
floats during bus hold or reset, regardless 
of operating 
mode. 


intJ 


Symbol 
Pin No. 
Type 
Name and Function 


ALE/QSO 
61 
0 
Address 
Latch Enable/Queue 
Status 0 is provided 
by the 80C188 


to latch the address. ALE is active HIGH, with addresses 
guaranteed 
valid on the trailing edge. ALE floats during reset, but 


not during bus hold. 


WR/QS1 
63 
0 
Write Strobe/Queue 
Status 1 indicates 
that the data on the bus is 


to be written into a memory or an I/O device. It is active LOW, and 
floats during bus hold or reset. When the 80C188 is in queue status 
mode, the ALE/QSO 
and WR/QS1 
pins provide information 
about 


processor/instruction 
queue interaction. 


QS1 
QSO 
Queue Operation 


0 
0 
No queue operation 


0 
1 
First opcode 
byte fetched 
from 


the queue 
1 
1 
Subsequent 
byte fetched 
from 


the queue 
1 
0 
Empty the queue 


RD/QSMD 
62 
I/O 
Read Strobe is an active LOW signal which indicates 
that the 


80C188 is performing 
a memory or I/O read cycle. It is guaranteed 


not to go LOW before the AID bus is floated. 
An internal 
pull-up 


(7500 
±20%) 
ensures that RD/QSMD 
is HIGH during RESET. 


Following 
RESET the pin is sampled to determine 
whether 
the 


80C188 is to provide ALE, RD and WR, or queue status 
information. 
To enable Queue Status Mode, RD must be connected 


to GND. RD will float during bus hold. 


ARDY 
55 
I 
Asynchronous 
Ready informs the 80C188 that the addressed 


memory space or I/O device will complete 
a data transfer. 
The 


ARDY pin accepts 
a rising edge that is asynchronous 
to CLKOUT 


and is active HIGH. The falling edge of ARDY must be 
synchronized 
to the 80C188 clock. Connecting 
ARDY HIGH will 


always assert the ready condition 
to the CPU. If this line is unused, 


it should be tied LOW to yield control to the SRDY pin. 


SRDY 
49 
I 
Synchronous 
Ready informs the 80C188 that the addressed 


memory space or I/O device will complete 
a data transfer. 
The 


SRDY pin accepts 
an active-HIGH 
input synchronized 
to CLKOUT. 


The use of SRDY allows a relaxed system timing over ARDY. This 
is accomplished 
by elimination 
of the one-half 
clock cycle required 


, to internally 
synchronize 
the ARDY input signal. Connecting 
SRDY 


high will always assert the ready condition 
to the CPU. If this line is 


unused, it should be tied LOW to yield control to the ARDY pin. 
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Symbol 
Pin No. 
Type 
Name and Function 


LOCK 
48 
a 
LOCK output indicates 
that other system bus masters are not to gain 


control 
of the system bus. LOCK is active LOW. The LOCK signal is 


requested 
by the LOCK prefix instruction 
and is activated 
at the 


beginning 
of the first data cycle associated 
with the instruction 


immediately 
following 
the LOCK prefix. It remains active until the 


completion 
of that instruction. 
No instruction 
prefetching 
will occur 


while LOCK is asserted. 
LOCK floats during bus hold or reset. 


SO 
52 
a 
Bus cycle status SO-S2 
are encoded 
to provide bus-transaction 
S1 
53 
a 
information: 
S2 
54 
a 
80C188 
Bus Cycle Status Information 


S2 
S1 
SO 
Bus Cycle Initiated 


0 
0 
0 
Interrupt Acknowledge 


0 
0 
1 
Read I/O 
0 
1 
0 
Write I/O 
0 
1 
1 
Halt 
1 
0 
0 
Instruction 
Fetch 
1 
0 
1 
Read Data from Memory 


1 
1 
0 
Write Data to Memory 


1 
1 
1 
Passive (no bus cycle) 


The status pins float during HOLD/HLDA. 
S2 may be used as a logical M/IO 
indicator, 
and S1 as a DT /R 


indicator. 


HOLD 
50 
I 
HOLD indicates 
that another bus master is requesting 
the local bus. 
HLDA 
51 
a 
The HOLD input is active HIGH. The 80C188 generates 
HLDA 


(HIGH) in response 
to a HOLD request. Simultaneous 
with the 


issuance 
of HLDA, the 80C188 will float the local bus and control 


lines. After HOLD is detected 
as being LOW, the 80C188 will lower 


HLDA. When the 80C188 
needs to run another 
bus cycle, it will again 


drive the local bus and control 
lines. 


In Enhanced 
Mode, HLDA will go low when a DRAM refresh cycle is 


pending in the 80C188 and an external 
bus master has control 
of the 


bus. It will be up to the external 
master to relinquish 
the bus by 


lowering 
HOLD so that the 80C188 
may execute 
the refresh cycle. 


Lowering 
HOLD for one clock and returning 
HIGH will ensure only 


one refresh cycle to the external 
master. HLDA will immediately 
go 


active after the refresh cycle has taken place. 


UCS 
34 
I/O 
Upper Memory Chip Select is an active LOW output whenever 
a 


memory reference 
is made to the defined 
upper portion (1K-256K 


block) of memory. 
UCS does not float during bus hold. The address 


range activating 
UCS is software 
programmable. 


UCS and LCS are sampled 
upon the rising edge of RES. If both pins 


are held low, the 80C188 will enter ONCE Mode. In ONCE Mode all 
pins assume a high impedance 
state and remain so until a 


subsequent 
RESET. UCS has a weak internal 
pullup (7500 
± 20%) 


that is active during RESET to ensure that the 80C188 does not 
enter the ONCE mode inadvertently. 
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Symbol 
Pin No. 
Type 
Name and Function 


lCS 
33 
I/O 
lower 
Memory Chip Select is active lOW 
whenever 
a 
memory reference 
is made to the defined 
lower portion (1K- 
256K) of memory. 
lCS does not float during bus HOLD. The 
address range activating 
lCS 
is software 
programmable. 


UCS and lCS are sampled 
upon the rising edge of RES. If 
both pins are held low, the 80C186 will enter ONCE Mode. In 
ONCE Mode all pins assume a high im~ance 
state and 
remain so until a subsequent 
RESET. lCS 
has a weak 
internal pullup (7500. 
±20%) 
that is active only during 
RESET to ensure that the 80C188 does not enter ONCE 
Mode inadvertently. 


MCSO 
38 
0 
Mid-Range 
Memory Chip Select signals are active lOW 
when 
MCS1 
37 
0 
a memory reference 
is made to the defined 
mid-range 
portion 


MCS2 
36 
0 
of memory 
(8K-512K). 
These lines do not float during bus 


MCS3 
35 
0 
HOLD. The address 
ranges activating 
MCSO-3 
are software 
programmable. 


PCSO 
25 
0 
Peripheral 
Chip Select signals 0-4 
are active lOW 
when a 
PCS1 
27 
0 
reference 
is made to the defined 
peripheral 
area (64K I/O 


PCS2 
28 
0 
space or 1 Mbyte memory space). These lines do not float 


PCS3 
29 
0 
during bus HOLD. The address ranges activating 
PCSO-4 
are 


PCS4 
30 
0 
software 
programmable. 


PCS5/A1 
31 
0 
Peripheral 
Chip Select 5 or latched 
A 1 may be programmed 
to provide a sixth peripheral 
chip select, or to provide an 
internally 
latched A 1 signal. The address 
range activating 
PCS5 is software 
programmable. 
When programmed 
to 
provide latched A 1 rather than PCS5, this pin will retain the 
previously 
latched value of A 1 during a bus HOLD. PCS5/ A 1 
does not float during bus hold. 


PCS6/A2 
32 
0 
Peripheral 
Chip Select 6 or latched 
A2 may be programmed 
to provide a seventh 
peripheral 
chip select, or to provide an 
internally 
latched A2 signal. The address 
range activating 
PCS6 is software 
programmable. 
When programmed 
to 
provide latched A2 rather than PCS6, this pin will retain the 
previously 
latched value of A2 during a bus HOLD. PCS6/ A2 
does not float during bus hold. 


DT/R 
40 
0 
Data Transmit/Receive 
controls 
the direction 
of data flow 
through an external data bus transceiver. 
When lOW, 
data is 
transferred 
to the 80C188. Whe~ HIGH the 80C188 places 
write data on the data bus. DT /R floats during a bus hold or 
RESET. 


DEN 
39 
0 
Data Enable is provided 
as a data bus transceiver 
output 
enable. 
DEN is active lOW 
during e~h 
memory and I~ 
access. 
DEN is HIGH whenever 
DT /R changes 
state. DEN 
floats during bus hold or RESET. 
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The following Functional Description describes the 
base architecture of the 80C188. The 80C188 is a 
very high integration 16-bit microprocessor. It com- 
bines 15-20 of the most common microprocessor 
system components onto one chip. The 80C188 is 
object code compatible with the 8086/8088 
micro- 


processors and adds 10 new instruction types to the 
8086/8088 
instruction set. 


The 80C188 has two major modes of operation, 
Compatible and Enhanced. In Compatible Mode the 
80C188 
is 
completely 
compatible 
with 
NMOS 


80188, with the exception of 8087 support. The En- 
hanced mode adds two new features to the system 
design. These are Power-Save control and Dynamic 
RAM refresh. 


The 8086, 8088, 80186, and 80188 families all con- 
tain the same basic set of registers, instructions, and 
addressing modes. The 80C188 processor is up- 
ward compatible with the 8086 and 8088 CPUs. 


The 80C188 base architecture has fourteen regis- 
ters as shown in Figures 3a and 3b. These registers 
are grouped into the following categories. 


General 
Registers 


Eight 16-bit general purpose registers may be used 
for 
arithmetic 
and 
logical 
operands. 
Four 
of 


these (AX, BX, CX, and DX) can be used as 16-bit 
registers or split into pairs of separate 8-bit registers. 


Segment 
Registers 


Four 16-bit special purpose registers select, at any 
given time, the segments of memory that are imme- 
diately addressable for code, stack, and data. (For 
usage, refer to Memory Organization.) 


Base and Index 
Registers 


Four of the general purpose registers may also be 
used to determine offset addresses of operands in 
memory. These registers may contain base address- 
es or indexes to particular locations within a seg- 
ment. The addressing mode selects the specific reg- 
isters for operand and address calculations. 


Status and Control 
Registers 


Two 16-bit special purpose registers record or alter 
certain aspects of the 80C188 processor state. 
These are the Instruction Pointer Register, which 
contains the offset address of the next sequential 
instruction to be executed, and the Status Word 
Register, which contains status and control flag bits 
(see Figures 3a and 3b). 


The Status Word records specific characteristics of 
the result of logical and arithmetic instructions (bits 
0, 2, 4, 6, 7, and 11) and controls the operation of 
the 80C186 within a given operating mode (bits 8, 9, 
and 10). The Status Word Register is 16-bits wide. 
The function of the Status Word bits is shown in 
Table 2. 


BYTE 


ADDRESSABLE 


(8·81T 


REGISTER 


NAMES 


SHOWN) 


16·81T 


REGISTER 


NAME 


AH 
AL 


oH 
oL 


CH 
CL 


BH 
BL 


STATUS FLAGS: 


CARRY 


PARITY 


AUXILIARY 
CARRY 


ZEAO 


SIGN 


OVERFLOW 


SPECIAL 


REGISTER 


FUNCTIONS 


15 


CS 


~ 


CODE 
SEGMENT 
SELECTOR 


05 
OAT A SEGMENT 
SELECTOR 


55 
STACK 
SEGMENT 
SELECTOR 


E5 
EXTRA 
SEGMENT 
SELECTOR 


SEGMENT 
REGISTERS 


15 


F 


I 


STATUS 
WORD 


IP 
INSTRUCTION 
POINTER 


STATUS 
AND CONTROL 


REGISTERS 


CONTROl. 
FLAGS; 


TRAP FLAG 


INTERRUPT 
ENABLE 
DIRECTION FUG 
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Bit 
Name 
Function 
Position 


0 
CF 
Carry Flag-Set 
on high-order 
bit carry or borrow; cleared 
otherwise 


2 
PF 
Parity Flag-5et 
if low-order 
a 
bits of result contain 
an even 
number of 1-bits; cleared 
otherwise 


4 
AF 
Set on carry from or borrow to 
the low order four bits of AL; 
cleared 
otherwise 


6 
ZF 
Zero Flag-Set 
if result is zero; 
cleared 
otherwise 
. 


7 
SF 
Sign Flag-5et 
equal to high- 
order bit of result (0 if positive, 
1 if negative) 


a 
TF 
Single Step Flag-Qnce 
set, a 
single step interrupt occurs 
after the next instruction 
executes. 
TF is cleared 
by the 
single step interrupt. 


9 
IF 
Interrupt-enable 
Flag-When 
set, maskable 
interrupts 
will 
cause the CPU to transfer 
control 
to an interrupt vector 
specified 
location. 


10 
DF 
Direction 
Flag-Causes 
string 


instructions 
to auto decrement 
the appropriate 
index register 
when set. Clearing 
DF causes 
auto increment. 


11 
OF 
Overflow 
Flag-5et 
if the 
signed result cannot be 
expressed 
within the number 
of bits in the destination 
operand; 
cleared 
otherwise 


The instruction 
set is divided 
into seven categories: 


data transfer, 
arithmetic, 
shift/rotate/logical, 
string 


manipulation, 
control 
transfer, 
high-level 
instruc- 


tions, 
and processor 
control. 
These 
categories 
are 


summarized 
in Figure 4. 


An aOC1aa instruction 
can reference 
anywhere 
from 


zero to several 
operands. 
An operand 
can reside in 


a register, 
in the instruction 
itself, or in memory. 
Spe- 


cific operand 
addressing 
modes 
are discussed 
later 


in this data sheet. 


Memory Organization 


Memory is organized 
in sets of segments. 
Each seg- 


ment is a linear contiguous 
sequence 
of up to 64K 


(216) a-bit bytes. Memory 
is addressed 
using a two- 


component 
address 
(a pointer) that consists 
of a 16- 


bit base 
segment 
and 
a 16-bit 
offset. 
The 
16-bit 


base 
values 
are contained 
in one 
of four 
internal 


segment 
register 
(code, 
data, 
stack, 
extra). 
The 


physical 
address 
is calculated 
by shifting 
the base 


value LEFT by four bits and adding the 16-bit offset 
value to yield a 20-bit 
physical 
address 
(see Figure 


5). This allows for a 1 MByte 
physical 
address 
size. 


All 
instructions 
that 
address 
operands 
in memory 


must specify the base segment 
and the 16-bit offset 


value. For speed and compact 
instruction 
encoding, 


the segment 
register 
used for physical 
address 
gen- 


eration is implied by the addressing 
mode used (see 


Table 
3). These 
rules follow 
the way programs 
are 


written 
(see Figure 6) as independent 
modules 
that 


require areas for code and data, a stack, and access 
to external 
data areas. 


Special 
segment 
override 
instruction 
prefixes 
allow 


the 
implicit 
segment 
register 
selection 
rules 
to be 


overridden 
for special 
cases. 
The stack, 
data, and 


. extra segments 
may coincide 
for simple 
programs. 
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GENERAL 
PURPOSE 


MOV 
Move byte or word 


PUSH 
Push word onto stack 


POP 
Pop word off stack 


PUSHA 
Push all registers 
on stack 


POPA 
Pop all registers 
from stack 


XCHG 
Exchange 
byte or word 


XLAT 
Translate 
byte 


INPUT/OUTPUT 


IN 
I 
Input byte or word 


OUT 
I 
Output 
byte or word 


ADDRESS 
OBJECT 


LEA 
Load effective 
address 


LOS 
Load pointer 
using DS 


LES 
Load pointer 
using ES 


FLAG TRANSFER 


LAHF 
Load AH register 
from flags 


SAHF 
Store AH register 
in flags 


PUSHF 
Push flags onto stack 


POPF 
Pop flags off stack 


ADDITION 


ADD 
Add byte or word 


ADC 
Add byte or word with carry 


INC 
Increment 
byte or word by 1 


AAA 
ASCII adjust for addition 


DAA 
Decimal 
adjust for addition 


SUBTRACTION 


SUB 
Subtract 
byte or word 


SBB 
Subtract 
byte or word with borrow 


DEC 
Decrement 
byte or word by 1 


NEG 
Negate 
byte or word 


CMP 
Compare 
byte or word 


AAS 
ASCII adjust for subtraction 


DAS 
Decimal 
adjust for subtraction 


MULTIPLICATION 


MUL 
Multiply 
byte or word unsigned 


IMUL 
Integer 
multiply 
byte or word 


AAM 
ASCII adjust for multiply 


DIVISION 


DIV 
Divide byte or word unsigned 


IDIV 
Integer divide byte or word 


AAD 
ASCII adjust for division 


CBW 
Convert 
byte to word 


CWD 
Convert 
word to doubleword 


MOVS 
Move byte or word string 


INS 
Input bytes or word string 


OUTS 
Output 
bytes or word string 


CMPS 
Compare 
byte or word string 


SCAS 
Scan byte or word string 


LODS 
Load byte or word string 


STOS 
Store byte or word string 


REP 
Repeat 


REPE/REPZ 
Repeat while equal/zero 


REPNE/REPNZ 
Repeat 
while not equal/not 
zero 


LOGICALS 


NOT 
"Not" 
byte or word 


AND 
"And" 
byte or word 


OR 
"Inclusive 
or" byte or word 


XOR 
"Exclusive 
or" byte or word 


TEST 
"Test" 
byte or word 


SHIFTS 


SHLISAL 
Shift logical/arithmetic 
left byte or word 


SHR 
Shift logical right byte or word 


SAR 
Shift arithmetic 
right byte or word 


ROTATES 


ROL 
Rotate 
left byte or word 


ROR 
Rotate 
right byte or word 


RCL 
Rotate through 
carry left byte or word 


RCR 
Rotate through 
carry right byte or word 


FLAG OPERATIONS 


STC 
Set carry flag 


CLC 
Clear carry flag 


CMC 
Complement 
carry flag 


STD 
Set direction 
flag 


CLD 
Clear direction 
flag 


STI 
Set interrupt 
enable flag 


CLI 
Clear interrupt 
enable flag 


EXTERNAL 
SYNCHRONIZATION 


HLT 
Halt until interrupt 
or reset 


WAIT 
Wait for TEST pin active 


LOCK 
Lock bus during next instruction 


NO OPERATION 


NOP 
No operation 


HIGH LEVEL 
INSTRUCTIONS 


ENTER 
Format stack for procedure 
entry 


LEAVE 
Restore 
stack for procedure 
exit 


BOUND 
Detects 
values outside 
prescribed 
range 


inter 


CONDITIONAL 
TRANSFERS 


JAlJNBE 
Jump if above/not 
below nor equal 


JAE/JNB 
Jump if above or equal/not 
below 


JB/JNAE 
Jump if below/not 
above nor equal 


JBE/JNA 
Jump if below or equal/not 
above 


JC 
Jump if carry 


JE/JZ 
Jump if equal/zero 


JG/JNLE 
Jump if greater/not 
less nor equal 


JGE/JNL 
Jump if greater 
or equal/not 
less 


JlIJNGE 
Jump if less/not 
greater 
nor equal 


JLE/JNG 
Jump if less or equal/not 
greater 


JNC 
Jump if not carry 


JNE/JNZ 
Jump if not equal/not 
zero 


JNO 
Jump if not overflow 


JNP/JPO 
Jump if not parity/parity 
odd 


JNS 
Jump if not sign 


JO 
Jump if overflow 


JP/JPE 
Jump if parity/parity 
even 


JS 
Jump if sign 


UNCONDITIONAL 
TRANSFERS 


CALL 
Call procedure 


RET 
Return from procedure 


JMP 
Jump 


ITERATION 
CONTROLS 


LOOP 
Loop 


LOOPE/LOOPZ 
Loop if equal/zero 


LOOPNE/LOOPNZ 
Loop if not equal/not 
zero 


JCXZ 
Jump if register 
CX = 0 


INTERRUPTS 


INT 
Interrupt 


INTO 
Interrupt 
if overflow 


IRET 
Interrupt 
return 


To access 
operands 
that do not reside in one of the 
four 
immediately 
available 
segments, 
a full 
32-bit 
pointer 
can be used to reload 
both the base 
(seg- 
ment) and offset 
values. 
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" 
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Memory 
Segment 
Implicit 
Segment 
Reference 
Register 
Needed 
Used 
Selection 
Rule 


Instructions 
Code (CS) 
Instruction 
prefetch 
and 
immediate 
data. 
Stack 
Stack (55) 
All stack pushes and 
pops; any memory 
references 
which use BP 
Register as a base 
register. 
External 
Extra (ES) 
All string instruction 
Data 
references 
which use 
(Global) 
the 01 register as an 
index. 
Local Data 
Data (OS) 
All other data references. 


r---, 
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Figure 
6. Segmented 
Memory 
Helps 
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Software 
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Addressing 
Modes 


The 80C188 provides eight categories of addressing 
modes to specify operands. Two addressing modes 
are provided for instructions that operate on register 
or immediate operands: 


• 
Register 
Operand 
Mode: The operand is located 


in one of the 8- or 16-bit general registers. 


• 
Immediate 
Operand 
Mode: 
The operand is in- 


cluded in the instruction. 


Six modes are provided to specify the location of an 
operand in a memory segment. A memory operand 
address consists of two 16-bit components: a seg- 
ment base and an offset. The segment base is sup- 
plied by a 16-bit segment register either implicitly 
chosen by the addressing mode or explicitly chosen 
by a segment override prefix. The offset, also called 
the effective address, is calculated by summing any 
combination of the following three address ele- 
ments: 
• the displacement 
(an 8- or 16-bit immediate value 


contained in the instruction); 


• the base (contents of either the BX or BP base 


registers); and 


• the index (contents of either the SI or 01 index 


registers). 


Any carry out from the 16-bit addition is ignored. 
Eight-bit displacements are sign extended to 16-bit 
values. 


Combinations of these three address elements de- 
fine the six memory addressing modes, described 
below. 


• 
Direct Mode: The operand's offset is contained in 
the instruction as an 8- or 16-bit displacement el- 
ement. 


• 
Register 
Indirect 
Mode: The operand's offset is in 


one of the registers SI, 01, BX, or BP. 


• 
Based Mode: The operand's offset is the sum of 
an 8- or 16-bit displacement and the contents of 
a base register (BX or BP). 


• 
Indexed 
Mode: The operand's offset is the sum 


of an 8- or 16-bit displacement and the contents 
of an index register (SI or 01). 


• 
Based Indexed 
Mode: The operand's offset is the 


sum of the contents of a base register and an 
Index register. 


• 
Based indexed 
Mode with Displacement: 
The op- 


erand's offset is the sum of a base register's con- 
tents, an index register's contents, and an 8- or 
16-bit displacement. 


Data Types 


The 80C188 directly supports the following data 
types: 


• 
Integer: A signed binary numeric value contained 
in an 8-bit byte or a 16-bit word. All operations 
assume a 2's complement representation. 


• 
Ordinal: 
An unsigned binary numeric value con- 


tained in an 8-bit byte or a 16-bit word. 


• 
Pointer: A 16- or 32-bit quantity, composed of a 
16-bit offset component or a 16-bit segment base 
component in addition to a 16-bit offset compo- 
nent. 


• 
String: A contiguous sequence of bytes or words. 
A string may contain from 1 to 64K bytes. 


• ASCII: A byte representation of alphanumeric and 


control characters using the ASCII standard of 
character representation. 


• 
BCD: A byte (unpacked) representation of the 
decimal digits 0-9. 


• 
Packed 
BCD: A byte (packed) representation of 


two decimal digits (0-9). One digit is stored in 
each nibble (4-bits) of the byte. 


In general, individual data elements must fit within 
defined segment limits. Figure 7 graphically repre- 
sents the data types supported by the 80C188. 


1/0 Space 


The I/O space consists of 64K 8-bit or 32K 16-bit 
ports. Separate instructions address the 1/0 space 
with either an 8-bit port address, specified in the in- 
struction, or a 16-bit port address in the OX register. 
8-bit port addresses are zero extended such that 
A15-Aa 
are LOW. 1/0 
port addresses 00F8(H) 


through OOFF(H)are reserved. 


Interrupts 


An interrupt transfers execution to a new program 
location. The old program address (CS:IP) and ma- 
chine state (Status Word) are saved on the stack to 
allow resumption of the interrupted program. Inter- 
rupts fall into three classes: hardware initiated, INT 
instructions, and instruction exceptions. Hardware 
initiated interrupts occur in response to an external 
input and are classified as non-maskable or maska- 
ble. 


Programs may cause an interrupt with an INT in- 
struction. Instruction exceptions occur when an un- 
usual condition, which prevents further instruction 
processing, is detected while attempting to execute 
an instruction. If the exception was caused by at- 
tempted execution of an ESC instruction, the return 
instruction will point to the ESC instruction, or to the 
segment 
override 
prefix 
immediately 
preceding 
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the ESC instruction 
if the prefix was present. 
In all 


other 
cases, 
the return 
address 
from 
an exception 


will point at the instruction 
immediately 
following 
the 


instruction 
causing 
the exception. 


A table 
containing 
up to 256 
pointers 
defines 
the 


proper interrupt 
service routine for each interrupt. 
In- 


terrupts 
0-31, 
some 
of which 
are used for instruc- 


tion 
exceptions, 
are 
reserved. 
Table 
4 shows 
the 


80C188 
predefined 
types and default 
priority 
levels. 


For each interrupt, 
an 8-bit vector 
must be supplied 


to the 80C186 
which identifies 
the appropriate 
table 


entry. 
Exceptions 
supply 
the 
interrupt 
vector 
inter- 


nally. 
In addition, 
internal 
peripherals 
and 
noncas- 


caded 
external 
interrupts 
will 
generate 
their 
own 


vectors 
through 
the internal 
interrupt 
controller. 
INT 
instructions 
contain 
or imply 
the 
vector 
and 
allow 


access 
to all 256 interrupts. 
Maskable 
hardware 
ini- 


tiated 
interrupts 
supply 
the 8-bit vector 
to the CPU 


during 
an 
interrupt 
acknowledge 
bus 
sequence. 


Non-maskable 
hardware 
interrupts 
use a predefined 
internally 
supplied 
vector. 


Interrupt Sources 


The 
80C188 
can 
service 
interrupts 
generated 
by 


software 
or hardware. 
The 
software 
interrupts 
are 


generated 
by specific 
instructions 
(INT, ESC, unused 


OP, etc.) 
or the 
results 
of conditions 
specified 
by 


instructions 
(array 
bounds 
check, 
INTO, OIV, IOIV, 


etc.). All interrupt 
sources 
are serviced 
by an indirect 


call through 
an element 
of a vector table. This vector 


table 
is indexed 
by using the interrupt 
vector 
type 


(Table 4), multiplied 
by four. All hardware-generated 


interrupts 
are sampled 
at the end of each 
instruc- 


tion. Thus, the software 
interrupts 
will begin service 


first. Once the service 
routine 
is entered 
and inter- 


rupts are enabled, 
any hardware 
source of sufficient 


priority can interrupt 
the service 
routine 
in progress. 


The software 
generated 
80C188 
interrupts 
are de- 


scribed 
below. 


DIVIDE 
ERROR 
EXCEPTION 
(TYPE 
0) 


Generated 
when 
a OIV or IOIV instruction 
quotient 


cannot 
be expressed 
in the 
number 
of bits in the 


destination. 


SINGLE-STEP 
INTERRUPT 
(TYPE 
1) 


Generated 
after 
most 
instructions 
if the TF flag 
is 


set. Interrupts 
will not be generated 
after 
prefix 
in- 


structions 
(e.g., REP), instructions 
which modify seg- 


ment registers 
(e.g., POP OS), or the WAIT instruc- 


tion. 


NON-MASKABLE 
INTERRUPT -NMI 
(TYPE 
2) 


An 
external 
interrupt 
source 
which 
cannot 
be 


masked. 


inter 


Interrupt 
Vector 
Vector 
Default 
Related 
Applicable 


Name 
Type 
Address 
Priority 
Instructions 
Notes 


Divide Error 
0 
OOH 
1 
DIV,IDIV 
1 
Exception 
Single Step 
1 
04H 
1A 
All 
2 
Interrupt 
Non-Maskable 
2 
08H 
1 
All 
Interrupt 
(NMI) 
Breakpoint 
3 
OCH 
1 
INT 
1 
Interrupt 
INTO Detected 
4 
10H 
1 
INTO 
1 
Overflow 
Exception 
Array Bounds 
5 
14H 
1 
BOUND 
1 
Exception 
Unused-Opcode 
6 
18H 
1 
Undefined 
1 
Exception 
Opcodes 
ESCOpcode 
7 
1CH 
1 
ESCOpcodes 
1,3 
Exception 
Timer 0 Interrupt 
8 
20H 
2A 
4 
Timer 1 Interrupt 
18 
48H 
2B 
4 
Timer 2 Interrupt 
19 
4CH 
2C 
4 
Reserved 
9 
24H 
3 
DMA 0 Interrupt 
10 
28H 
4 
DMA 1 Interrupt 
11 
2CH 
5 
INTO Interrupt 
12 
30H 
6 
INT1 Interrupt 
13 
34H 
7 
INT2 Interrupt 
14 
38H 
8 
INT3 Interrupt 
15 
3CH 
9 
Reserved 
16,17 
40H,44H 
Reserved 
20-31 
50H ... 
7CH 


NOTES: 
Default 
priorities 
for the interrupt 
sources 
are used only if the user does not program 
each source 
to a unique 
priority 
level. 


1. Generated 
as a result of an instruction 
execution. 


2. Performed 
in same manner 
as 8088. 


3. An ESC opcode 
will cause 
a trap regardless 
of the 80C188 
operating 
mode. The 80C188 
is not 
directly 
compatible 
with the 80188 
in this respect. 
The instruction 
set of a numerics 
coprocessor 
cannot 
be executed. 


4. All three timers 
constitute 
one source 
of request 
to the interrupt 
controller. 
As such, they share 
the same priority 
level with respect 
to other 
interrupt 
sources. 
However, 
the timers 
have a defined 
priority 
order among 
themselves 
(2A > 28 > 2C). 
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BREAKPOINT 
INTERRUPT 
(TYPE 3) 


A one-byte version of the INT instruction. It uses 12 
as an index into the service routine address table 
(because it is a type 3 interrupt). 


INTO DETECTED 
OVERFLOW 
EXCEPTION 


(TYPE4) 


Generated during an INTOinstruction if the OFbit is 
set. 


Generated during a BOUND instruction if the array 
index is outside the array bounds. The array bounds 
are located in memory at a location indicated by one 
of the instruction operands. The other operand indi- 
cates the value of the index to be checked. 


Generated if execution is attempted on undefined 
opcodes. 


Generated if execution is attempted of ESCopcodes 
(D8H-DFH). The 80C188 does not check an escape 
opcode 
trap 
bit as does the 80C186. On the 


80C188, ESC traps occcur in both compatible and 
enhanced operating modes. The return address of 
this exception will point to the ESC instruction caus- 
ing the exception. If a segment override prefix pre- 
ceded the ESC instruction, the return address will 
point to the segment override prefix. 


NOTE: 


Unlike the 80188, all numerics coprocessor op- 
codes cause a trap. The 80C188 does not support 
the numerics interface. 


Hardware-generated interrupts are divided into two 
groups: maskable interrupts and non-maskable in- 
terrupts. The 80C188 provides maskable hardware 
interrupt request pins INTO-INT3. In addition, mask- 
able interrupts may be generated by the 80C188 in- 
tegrated DMA controller and the integrated timer 
unit. The vector types for these interrupts is shown 
in Table 4. Software enables these inputs by setting 
the interrupt flag bit (IF) in the Status Word. The in- 
terrupt controller is discussed in the peripheral sec- 
tion of this data sheet. 


Further maskable interrupts are disabled while serv- 
icing an interrupt because the IF bit is reset as part 
of the response to an interrupt or exception. The 
saved Status Word will reflect the enable status of 
the processor prior to the interrupt. The interrupt flag 
will remain zero unless specifically set. The interrupt 
return instruction restores the Status Word, thereby 
restoring the original status of IF bit. If the interrupt 
return re-enables interrupts, and another interrupt is 
pending, the 80C188 will immediately service the 
highest-priority interrupt pending, i.e., no instructions 
of the main line program will be executed. 


Non-Maskable 
Interrupt 
Request (NMI) 


A non-maskable interrupt (NMI) is also provided. 
This interrupt is serviced regardless of the state of 
the IF bit. A typical use of NMI would be to activate a 
power failure routine. The activation of this input 
causes an interrupt with an internally supplied vector 
value of 2. No external interrupt acknowledge se- 
quence is performed. The IF bit is cleared at the 
beginning of an NMI interrupt to prevent maskable 
interrupts from being serviced. 


intJ 


Single-Step 
Interrupt 


The 80C188 has an internal interrupt that allows pro- 
grams to execute one instruction at a time. It is 
called the single-step interrupt and is controlled by 
the single-step flag bit (TF) in the Status Word. Once 
this bit is set, an internal single-step interrupt will 
occur after the next instruction has been executed. 
The interrupt clears the TF bit and uses an internally 
supplied vector of 1. The IRET instruction is used to 
set the TF bit and transfer control to the next instruc- 
tion to be single-stepped. 


Initialization 
and Processor 
Reset 


Processor initialization or startup is accomplished by 
driving the RES input pin LOW. RES forces the 
80C188 to terminate all execution and local bus ac- 
tivity.J::!oinstruction or bus activity will occur as long 
as RES is active. After RES becomes inactive and 
an internal processing interval elapses, the 80C188 
begins execution with the instruction at physical lo- 
cation FFFFO(H). RES also sets some registers to 
predefined values as shown in Table 5. 


Table 5. 80C188 Initial Register 
State after RESET 


Status Word 
Instruction Pointer 
Code Segment 
Data Segment 
Extra Segment 
Stack Segment 
Relocation Register 
UMCS 


F002(H) 
OOOO(H) 
FFFF(H) 
OOOO(H) 
OOOO(H) 
OOOO(H) 
20FF(H) 
FFFB(H) 


THE 80C188 
COMPARED 
TO THE 


80C186 


The 80C188 is an 8-bit processor designed based 
on the 80C186 internal structure. Most internal func- 
tions of the 80C188 are identical to the equivalent 
80C186 functions. The 80C188 handles the external 
bus the same way the 80C186 does with the distinc- 
tion of handling only 8 bits at a time. Sixteen-bit op- 
erands are fetched or written in two consecutive bus 
cycles. The processors will look the same to the 
software engineer, with the exception of execution 
time. The internal register structure is identical and 
all instructions except numerics instructions have 
the same end result. Internally, there are four differ· 
ences between the 80C188 and the 80C186. All 
changes are related to the 8·bit bus interface. 


• The queue length is 4 bytes in the 80C188, 


whereas the 80C186 queue contains 6 bytes, or 
three words. The queue was shortened to pre- 
vent overuse of the bus by the BIU when pre- 
fetching instructions. This was required because 
of the additional time necessary to fetch instruc- 
tions 8 bits at a time. 


• To further optimize the queue, the prefetch\ng al- 


gorithm was changed. The 80C188 BIU will fetch 
a new instruction to load into the queue each 
time there is a 1-byte hole (space available) in the 
queue. The 80C186 waits until a 2-byte space is 
available. 


• The internal execution time of an instruction is 


affected by the 8-bit interface. All 16-bit fetches 
and writes from/to 
memory take an additional 


four clock cycles. The CPU may also be limited 
by the rate of instruction fetches when a series of 
simple operations occur. When the more sophisti- 
cated instructions of the 80C188 are being used, 
the queue has more time to fill and the execution 
proceeds more closely to the speed at which the 
execution unit will allow. 


• The 80C188 does not have a numerics interface, 


since the 80C186 numerics interface inherently 
requires 16-bit communication with the numerics 
coprocessor. 


The 80C188 and 80C186 are completely software 
compatible (except for numerics instructions) by vir- 
tue of their identical execution units. However, soft- 
ware that is system dependent may not be com- 
pletely transferable. 


The bus interface and associated control signals 
vary somewhat between the two processors. The 
pin assignments are nearly identical, with the follow- 
ing functional changes: 


• A8-A 15- These pins are only address outputs 


on the 80C188. These address lines are latched 
internally and remain valid throughout the bus cy- 
cle. 


• BHE has no meaning on the 80C188. However, it 


was 
necessary 
to 
designate 
this 
pin 
the 


S7/RFSH pin in order to provide an indication of 
DRAM refresh bus cycles. 


The 80C188 provides an on-chip clock generator for 
both internal and external clock generation. The 
clock generator features a crystal oscillator, a divide· 
by-two counter, synchronous and asynchronous 
ready inputs, and reset circuitry. 


inter 


The 80C188 oscillator circuit is designed to be used 
either with a parallel resonant fundamental or third- 
overtone mode crystal, depending upon the frequen- 
cy range of the application as shown in Figure 8c. 
This is used as the time base for the 80C188. The 
crystal frequency chosen should be twice the re- 
quired processor frequency. Use of an LC or RC cir- 
cuit is not recommended. 


The output of the oscillator is not directly available 
outside the 80C188. The two recommended crystal 
configurations are shown in Figure 8a. When used in 
third-overtone mode the tank circuit shown in Figure 
8b is recommended for stable operation. The sum of 
the 
stray 
capacitances 
and 
loading 
capacitors 


should equal the values shown. It is advisable to lim- 
it stray capacitance between the X1 and X2 pins to 
less than 10 pF. While a fundamental-mode circuit 
will require approximately 1 ms for start-up, the third· 
overtone arrangement may require 1 ms to 3 ms to 
stabilize. 


Alternately, the oscillator may be driven from an ex- 
ternal source as shown in Figure 8d. The configura- 
tion shown in Figure 8e is not recommended. 


The following parameters should be used when 
choosing a crystal: 
Temperature Range: 
ESR (Equivalent Series Resistance): 
Co (Shunt Capacitance of Crystal): 
C1 (Load Capacitance): 
Drive Level: 


Oto 70·C 
400max 
7.0 pFmax 
20 pF ± 2 pF 


1 mWmax 


The 80C188 clock generator provides the 50% duty 
cycle processor clock for the 80C188. It does this by 


dividing the oscillator output by 2 forming the sym· 
metrical clock. If an external oscillator is used, the 
state of the clock generator will change on the fail- 
ing edge of the oscillator signal. The CLKOUT pin 
provides the processor clock signal for use outside 
the 80C188. This may be used to drive other system 
components. All timings are referenced to the output 
clock. 


READY Synchronization 


The 80C188 provides both synchronous and asyn- 
chronous ready inputs. Asynchronous ready syn- 
chronization is accomplished by circuitry which sam· 
pies ARDY in the middle of T2, T3 and again in the 
middle of each Tw until ARDY is sampled HIGH. 
One-half CLKOUT cycle of resolution time is used 
for full synchronization of a rising ARDY signal. A 
high-to-Iow transition on ARDY may be used as an 
indication of the not ready condition but it must be 
performed synchronously to CLKOUT either 
in the 


middle of T2, T3 or TW, or at the falling edge of T3 or 
Tw· 


A second ready input (SRDY) is provided to inter- 
face with externally synchronized ready signals. This 
input is sampled at the end of T2, T3 and again at 
the end of each Tw until it is sampled HIGH. By 
using this input rather than the asynchronous ready 
input, the half-clock cycle resolution time penalty is 
eliminated. This input must satisfy set-up and hold 
times to guarantee proper operation of the circuit. 


In addition, the 80C188, as part of the integrated 
chip-select logic, has the capability to program WAIT 
states for memory and peripheral blocks. This is dis- 
cussed in the Chip Select/Ready Logic description. 
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Figure 8. 80C188 Oscillator Configurations 
(see text) 


RESET Logic 


The 80C188 provides both a RES input pin and a 
synchronized RESET outpuL.l>.Lr!for use with other 
system components. The RES input pin on t~~ 
80C188 is provided with hysteresis In order to facIli- 
tate power-on Reset generation via an RC network. 
RESET is guaranteed to remain active for at least 
five clocks given a RES input of at least six clocks. 
RESET may be delayedJ£.!o approximately two and 
one-half clocks behind RES. 


The 80C188 provides a local bus controller to gener- 
ate the local bus control signals. In addition, it em- 
ploys a HOLD/HLDA protocol for relinquishing the 
local bus to other bus masters. It also provides out- 
puts that can be used to enable external buffers and 
to direct the flow of data on and off the local bus. 


Memory IPeripheral 
Control 


The 80C188 ~vides 
ALE, RD, and WR bus control 


signals. The RD and WR signals are used to strobe 
data from memory or I/O to the 80C188 or to strobe 
data from the 80C188 to memory or I/O. The ALE 
line provides a strobe to latch the address when it is 
valid. The 80C188 local bus controller does not pro- 
vide a memory/I/O signal. If this is required, use the 
S2 signal (which will require external latching), make 
the memory and I/O spaces nonoverlapping, or use 
only the integrated chip-select circuitry. 


The 80C188 generates two control signals for exter- 
nal transceiver chips. This capability allows the addi- 
tion of transceivers for extra buffering without adding 
external logic. These control lines, DT/Fi and DEN, 
are generated to control the flow of data th~oughth,e 
transceivers. The operation of these signals 
IS 


shown in Table 6. 


Pin Name 
Function 


DEN (Data Enable) 
Enables the output 
drivers of the 
transceivers. It is active 
LOW during memory, 
I/O, or INTA cycles. 


DT/Fi (Data Transmit! 
Determines the direction 


Receive) 
of travel through the 
transceivers. A HIGH 
level directs data away 
from the processor 
during write operations, 
while a LOW level directs 
data toward the 
processor during a read 
operation. 


Local Bus Arbitration 


The 80C188 uses a HOLD/HLDA system of local 
bus exchange. This provides an asynchronous bus 
exchange mechanism. This means multiple masters 
utilizing the same bus can operate at separate clock 
frequencies. The 80C188 provides a single HOLD/ 
HLDA pair through which all other bus masters may 
gain control of the local bus. External circuitry must 
arbitrate which external device will gain control of 
the bus when there is more than one alternate local 
bus master. When the 80C188 relinquishes control 
of the local bus, it floats DEN, RD, WR, SO-:§2, 
LOCK, ADO-AD?, A8-A19, S?/RFSH, and DT/R to 
allow another master to drive these lines directly. 


The 80C188 HOLD latency time, i.e., the time be- 
tween HOLD request and HOLD acknowledge, is a 
function of the activity occurring in the processor 
when the HOLD request is received. A HOLD re- 
quest is second only to DRAM refresh requests in 
priority of activity requests the processor may re- 
ceive. Any bus cycle in progress will be completed 
before the 80C188 relinquishes the bus. This implies 
that if a HOLD request is received just as a DMA 
transfer begins, the HOLD latency can be as great 
as 4 bus cycles. This will occur if a DMA word trans- 
fer operation is taking place from an odd address to 
an odd address. This is a total of 16 clock cycles or 
more if WAIT states are required. In addition, if 
locked transfers are performed, the HOLD latency 
time will be increased by the length of the locked 
transfer. 


If the 80C188 has relinquished the bus and a refresh 
request is pending, HLDA is removed (driven LOW) 
to signal the remote processor that the 80C18.8 
wishes to regain control of the bus. The 80C188 Will 
wait until HOLD is removed before taking control of 
the bus to run the refresh cycle. 


During RESET, the local bus controller will perform 
the following action: 
• Drive DEN, RD, and WR HIGH for one clock cy- 
cle, then float them. 


NOTE: 


RD, UCS, LCS, and TEST are provided with internal 
pullup devices (7500 
±20%) 
which are active 


while RES is driven active. These devices prevent 
the 80C188 from entering any undesired mode of 
operation if the inputs are left unconnected. 
• Drive SO-S2 to the inactive state (all HIGH) and 


then float. 


• Drive LOCK HIGH and then float. 


• Float ADO-AD7, A8-A19, S7/RFSH, DT/R. 
• Drive ALE LOW (ALE is never floated). 


• Drive HLDA LOW. 


All the 80C188 integrated peripherals are controlled 
by 16-bit registers contained within an internal 
256-byte control block. The control block may be 
mapped into either memory or I/O space. Internal 
logic will recognize control block addresses and re- 
spond to bus cycles. During bus cycles to internal 
registers, the bus controller will signal the operation 
externally (Le., the RD, WR, status, address, data, 
etc., lines will be driven as in a normal bus cycle), 
but 015-0, SRDY, and ARDY will be ignored. The 
base address of the control block must be on an 
even 256-byte boundary (Le.,the lower 8 bits of the 
base address are all zeros). All of the defined regis- 
ters within this control block may be read or written 
by the 80C188 CPU at any time. 


The control block base address is programmed by a 
16-bit relocation register contained within the control 
block at offset FEH from the base address of the 
control block (see Figure 9). It provides the upper 12 
bits of the base address of the control block. The 
control block is effectively an internal chip select 
range and must abide by all the rules concerning 
chip selects (the chip select circuitry is discussed 
later in this data sheet). Any access to the 256 bytes 
of the control block activates an internal chip select. 


Other chip selects may overlap the control block 
only if they are programmed to zero wait states and 
ignore external ready. In addition, bit 12 of this regis- 
ter determines whether the control block will be 
mapped into I/O or memory space. If this bit is 1, the 
control block will be located in memory space. If the 
bit is 0, the control block will be located in I/O 
space. If the control register block is mapped into 
I/O space, the upper 4 bits of the base address 
must be programmed as 0 (since I/O addresses are 
only 16 bits wide). 


In addition to providing relocation information for the 
control block, the relocation register contains bits 
which place the interrupt controller into slave mode. 
At RESET, the relocation register is set to 20FFH, 
which maps the control block to start at FFOOHin 
I/O space. An offset map of the 256-byte control 
register block is shown in Figure 10. 


CHIP-SELECT IREADY 
GENERATION 
LOGIC 


The 80C188 contains logic which provides program- 
mable chip-select generation for both memories and 
peripherals. In addition, it can be programmed to 
provide READY (or WAIT state) generation. It can 
also provide latched address bits A1 and A2. The 
chip-select lines are active for all memory and I/O 
cycles in their programmed areas, whether they be 
generated by the CPU or by the integrated DMA unit. 


Memory Chip Selects 


The 80C188 provides 6 memory chip select outputs 
for 3 address areas; upper memory, lower memory, 
and midrange memory. One each is provided for up- 
per memory and lower memory, while four are pro- 
vided for midrange memory. 


The range for each chip select is user-programma- 
ble and can be set to 2K, 4K, 8K, 16K, 32K, 64K, 
128K (plus 1K and 256K for upper and lower chip 
selects). In addition, the beginning or base address 
of the midrange memory chip select may also be 
selected. Only one chip select may be programmed 
to be active for any memory location at a time. All 
chip select sizes are in bytes. 
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15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
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OFFSET: 
FEH I 
X 
ISLAVE/'MA$fERI 
X 
IM/lo! 
Relocation Address Bits R19-R8 
MIlO ~ Register block located in Memory I 1/0 Space (1/0) 
SLAVEl MASTER ~ Configures interrupt controller for SlavelMaster Mode (1/0) 


Relocation Register 


DMA Descriptors Channel 1 


DMA Descriptors Channel a 


Chip-Select Control Registers 


Time 2 Control Registers 


Time 1 Control Registers 


Time a Control Registers 


Interrupt Controller Registers 


Upper Memory CS 


The 80C188 
provides 
a chip select, 
called 
UCS, for 


the 
top 
of memory. 
The top 
of memory 
is usually 


used as the system 
memory 
because 
after reset the 


80C188 
begins 
executing 
at 
memory 
location 


FFFFOH. 


The upper limit of memory defined 
by this chip select 


is always 
FFFFFH, 
while the lower limit is program- 


mable. 
By programming 
the lower 
limit, the size of 


the select 
block 
is also defined. 
Table 
7 shows 
the 


relationship 
between 
the base address 
selected 
and 


the size of the memory 
block obtained. 


Table 7. UMCS Programming 
Values 


Starting 
Memory 
UMCSValue 
Address 
(Base 
Block 
(Assuming 


Address) 
Size 
RO=R1=R2=O) 


FFCOO 
1K 
FFF8H 


FF800 
2K 
FFB8H 


FFOOO 
4K 
FF38H 


FEOOO 
8K 
FE38H 


FCOOO 
16K 
FC38H 


F8000 
32K 
F838H 


FOOOO 
64K 
F038H 


EOOOO 
128K 
E038H 


COOOO 
256K 
C038H 


The lower limit of this memory 
block is defined 
in the 


UMCS 
register 
(see 
Figure 
11). This 
register 
is at 


offset 
AOH in the internal 
control 
block. 
The .legal 


values 
for bits 6-13 
and the 
resulting 
starting 
ad- 


dress and memory 
block sizes are given in Table 7. 


Any combination 
of bits 6-13 
not shown 
in Table 7 


will 
result 
in undefined 
operation. 
After 
reset, 
the 


UMCS register 
is programmed 
for a 1K area. It must 


be reprogrammed 
if a larger upper 
memory 
area is 


desired. 


The internal 
generation 
of any 20-bit address 
whose 


upper 16 bits are equal to or greater 
than the UMCS 


value (with bits 0-5 
as "0") 
asserts 
UCS. UMCS bits 


R2-RO 
specify the ready mode for the area of mem- 


ory defined 
by the chip select 
register, 
as explain~d 


later. 


The 80C188 
provides 
a chip select 
for low memory 


called 
LCS. The bottom 
of memory 
contains 
the in- 


terrupt 
vector 
table, starting 
at location 
OOOOOH. 


The lower limit of memory defined 
by this chip select 


is always OH, while the upper limit is programmable. 
By 
programming 
the 
upper 
limit, 
the 
size 
of 
the 
memory block is defined. Table 8 shows the relation- 
ship between 
the 
upper 
address 
selected 
and the 


size of the memory 
block obtained. 


Table 
8. LMCS Programming 
Values 


Upper 
Memory 
LMCSValue 


Address 
Block 
(Assuming 
Size 
RO= R 1= R2 = 0) 


003FFH 
1K 
0038H 


007FFH 
2K 
0078H 


OOFFFH 
4K 
00F8H 


01FFFH 
8K 
01F8H 


03FFFH 
16K 
03F8H 


07FFFH 
32K 
07F8H 


OFFFFH 
64K 
OFF8H 


1FFFFH 
128K 
1FF8H 


3FFFFH 
256K 
3FF8H 


The upper limit of this memory block is defined 
in the 


LMCS register 
(see Figure 
12) at offset 
A2H in the 


internal 
control 
block. The legal values for bits 6-15 


and the resulting 
upper address 
and memory 
block 


sizes are given in Table 
8. Any combination 
of bits 


6-15 
not shown 
in Table 
8 will result 
in undefined 


operation. 
After reset, the LMCS register value is un- 


defined. 
However, 
the LCS chip-select 
line will not 


become 
active 
until the LMCS register 
is accessed. 


Any internally 
generated 
20-bit 
address 
whose 
up- 


per 16 bits are less than or equal to LMCS (with bits 
0-5 
"1 ") will assert LCS. LMCS register 
bits R2-RO 


specify 
the 
READY 
mode 
for the area of memory 


defined 
by this chip-select 
register. 


Mid-Range Memory CS 


The 80C188 
provides 
four MCS lines which 
are ac- 


tive 
within 
a 
user-locatable 
memory 
block. 
This 


block 
can 
be located 
within 
the 
80C188 
1M byte 


memory 
address 
space 
exclusive 
of the areas 
de- 


fined 
by 
UCS 
and 
LCS. 
Both 
the 
base 
ad- 


dress and size of this memory block are programma- 
ble. 


The size of the memory 
block 
defined 
by the mid- 


range 
select 
lines, 
as shown 
in Table 
9, is deter- 


mined by bits 8-14 
of the MPCS register (see Figure 


13). This register 
is at location 
A8H in the internal 


control 
block. 
One and only one of bits 8-14 
must 


be set at a time. Unpredictable 
operation 
of the MCS 


lines will otherwise 
occur. 
Each of the four chip-se- 


lect lines is active for one of the four equal contigu- 
ous 
divisions 
of the 
mid-range 
block. 
If the 
total 


block size is 32K, each chip select is active for 8K of 
memory 
with MCSO being active 
for the first range 


and MCS3 being active for the last range. 


The EX and MS in MPCS relate to peripheral 
func- 


tionality 
as described 
in a later section. 


Table 
9. MPCS Programming 
Values 


Total 
Block 
Individual 
MPCSBits 
Size 
Select 
Size 
14-8 


8K 
2K 
0000001B 
16K 
4K 
0000010B 
32K 
8K 
00001008 
64K 
16K 
00010008 
128K 
32K 
00100008 
256K 
64K 
01000008 
512K 
128K 
10000008 


The base address 
of the mid-range 
memory 
block is 


defined 
by bits 15-9 
of the MMCS register 
(see Fig- 


ure 14). This register 
is at offset 
A6H in the internal 


control 
block. 
These 
bits 
correspond 
to 
bits 


A 19-A 13 
of 
the 
20-bit 
memory 
address. 
8its 


A 12-AO 
of the base address are always O. The base 


address 
may be set at any integer 
multiple 
of the 


size of the total memory 
block 
selected. 
For exam- 


ple, if the mid-range 
block size is 32K (or the size of 


the block 
for which 
each 
MCS line is active 
is 8K), 


the block 
could 
be located 
at 10000H 
or 18000H, 


but not at 14000H, 
since the first few integer 
multi- 


ples 
of 
a 
32K 
memory 
block 
are 
OH, 
8000H, 


10000H, 
18000H, 
etc. After 
reset, 
the 
contents 
of 


both of these registers 
is undefined. 
However, 
none 


of the MCS lines will be active 
until both the MMCS 


and MPCS registers 
are accessed. 
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Figure 
11. UMCS Register 
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Figure 
12. LMCS Register 
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OFFSET: 
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OFFSET: 
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1 I 
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1 I 
1 
M9 
M3 


3 
0 


1 I R2 I R1 I RO I 


MMCS bits R2-RO specify READY mode of opera- 
tion for all four mid-range chip selects. 


The 512K block size for the mid-range memory chip 
selects is a special case. When using 512K, the 
base address would have to be at either locations 
OOOOOHor 80000H. If it were to be programmed at 
OOOOOHwhen the LCS line was programmed, there 
would be an internal conflict between the LCS ready 
generation logic and the MCS ready generation log- 
ic. Likewise, if the base address were programmed 
at 80000H, there would be a conflict with the UCS 
ready generation logic. Since the LCS chip-select 
line does not become active until programmed, while 
the UCS line is active at reset, the memory base can 
be set only at OOOOOH.If this base address is select- 
ed, however, the LCS range must not be pro- 
grammed. 


The 80C188 can generate chip selects for up to sev- 
en peripheral devices. These chip selects are active 
for seven contiguous blocks of 128 bytes above a 
programmable base address. The base address 
may be located in either memory or I/O space. 


15 


OFFSET: 
A4H I u I u I u I 
U 


A19 


Seven CS lines called PCSO-6 are generated by the 
80C188. The base address is user-programmable; 
however it can only be a multiple of 1K bytes, i.e., 
the least significant 10 bits of the starting address 
are always O. 


PCS5and PCS6can also be programmed to provide 
latched address bits A1 and A2. If so programmed, 
they cannot be used as peripheral selects. These 
outputs can be connected directly to the AOand A1 
pins used for selecting internal registers of 8-bit pe- 
ripheral chips. 


The starting address of the peripheral chip-select 
block is defined by the PACS register (see Figure 
15). The register is located at offset A4H in the inter- 
nal control block. Bits 15-6 of this register corre- 
spond to bits 19-10 
of the 20-bit Programmable 


Base Address (PBA) of the peripheral chip-select 
block. Bits 9-0 of the PBA of the peripheral chip-se- 
lect block are all zeros. If the chip-select block is 
located in I/O 
space, bits 12-15 
must be pro- 


grammed zero, since the I/O address is only 16 bits 
wide. Table 10 shows the address range of each 
peripheral chip select with respect to the PBA con- 
tained in PACS register. 


6 
5 


U I u I u I u I u I u I 
1 I 
1 


A10 


3 
0 


1 I R2 I R1 I RO I 


inter 


The user should program 
bits 15-6 
to correspond 
to 


the desired 
peripheral 
base location. 
PACS bits 0-2 


are used to specify 
READY 
mode for PCSO-PCS3. 


Table 10. PCS Address Ranges 


PCS Line 
Active between Locations 


PCSO 
PBA 
-PBA+127 
PCS1 
PBA + 128-PBA 
+ 255 
PCS2 
PBA + 256-PBA 
+ 383 
PCS3 
PBA + 384-PBA 
+ 511 
PCS4 
PBA + 512-PBA 
+ 639 
PCS5 
PBA + 64Q-PBA 
+ 767 
PCS6 
PBA + 768-PBA 
+ 895 


The mode of operation 
of the peripheral 
chip selects 


is defined 
by the MPCS register 
(which is also used 


to set the size of the mid-range 
memory 
chip-select 


block, 
see Figure 
13). The register 
is located 
at off- 
set A8H in the internal 
control 
block. Bit 7 is used to 


select the function 
of PCS5 and PCS6, while bit 6 is 


used to select 
whether 
the peripheral 
chip selects 


are 
mapped 
into 
memory 
or I/O 
space. 
Table 
11 


describes 
the programming 
of these bits. After reset, 
the contents 
of both the MPCS and the PACS regis- 


ters are undefined, 
however 
none of the PCS lines 


will be active until both of the MPCS and PACS reg- 
isters are accessed. 


Bit 
Description 


MS 
1 = Peripherals 
mapped 
into memory space. 


o = Peripherals 
mapped 
into I/O space. 
EX 
o = 5 PCS lines. A 1, A2 provided. 
1 = 7 PCS lines. A 1, A2 are not provided. 


MPCS bits 0-2 
specify the READY mode for PCS4- 


PCS6 as outlined 
below. 


READY Generation 
Logic 


The 80C188 
can generate 
a "READY" 
signal inter- 


nally for each of the memory 
or peripheral 
CS lines. 


The number 
of WAIT states to be inserted 
for each 


peripheral 
or memory 
is programmable 
to provide 


0-3 
wait 
states 
for 
all 
accesses 
to 
the 
area 
for 


which 
the 
chip 
select 
is 
active. 
In 
addition, 
the 


80C188 
may be programmed 
to either ignore exter- 


nal READY for each chip-select 
range individually 
or 


to factor 
external 
READY 
with the integrated 
ready 


generator. 


READY control 
consists 
of 3 bits for each CS line or 


group 
of lines generated 
by the 80C188. 
The inter- 
pretation 
of the ready bits is shown 
in Table 
12. 


R2 
R1 
RO Number of WAIT States Generated 


0 
0 
0 
o wait states, external 
RDY 


also used. 
0 
0 
1 
1 wait state inserted, 
external 
RDY 


also used. 
0 
1 
0 
2 wait states inserted, 
external 
RDY 


also used. 


0 
1 
1 
3 wait states inserted, external 
RDY 


also used. 


1 
0 
0 
o wait states, external 
RDY 
ignored. 


1 
0 
1 
1 wait state inserted, 
external 
RDY 
ignored. 


1 
1 
0 
2 wait states inserted, 
external 
RDY 


ignored. 


1 
1 
1 
3 wait states inserted, 
external 
RDY 


ignored. 


The 
internal 
ready 
generator 
operates 
in parallel 


with 
external 
READY, 
not in series, 
if the external 


READY 
is used (R2 = 0). For example, 
if the inter- 


nal generator 
is set to insert 
two 
wait 
states, 
but 


activity 
on the external 
READY 
lines will insert four 


wait states, 
the processor 
will only insert 
four wait 


states, 
not six. This is because 
the two wait states 


generated 
by the internal 
generator 
overlapped 
the 


first two wait states generated 
by the external 
ready 


signal. Note that the external 
ARDY and SRDY lines 


are always 
ignored 
during cycles 
accessing 
internal 


peripherals. 


R2-RO 
of each 
control 
word 
specifies 
the 
READY 


mode 
for the corresponding 
block, 
with the excep- 


tion of the peripheral 
chip selects: 
R2-RO 
of PACS 


set the PCSO-3 
READY mode, R2-RO 
of MPCS set 


the PCS4-6 
READY 
mode. 


Chip Select/Ready 
Logic and Reset 


Upon RESET, the Chip-Select/Ready 
Logic will per- 


form the following 
actions: 


• 
All chip-select 
outputs 
will be driven 
HIGH. 


• 
Upon 
leaving 
RESET, 
the UCS line will be pro- 


grammed 
to provide 
chip selects 
to a 1K block 


with the accompal)ying 
READY control 
bits set at 


011 to insert 3 wait states in conjunction 
with ex- 


ternal 
READY 
(Le., UMCS resets to FFFBH). 


• 
No other chip select 
or READY 
control 
registers 


have 
any predefined 
values 
after 
RESET. 
They 


will 
not become 
active 
until 
the 
CPU accesses 


their control 
registers. 
Both the PACS and MPCS 


registers 
must be accessed 
before the PCS lines 


will become 
active. 
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The 80C188 DMA controller provides two indepen- 
dent DMA channels. Data transfers can occur be- 
tween memory and I/O spaces (e.g., Memory to I/O) 
or within the same space (e.g., Memory to Memory 
or I/O to I/O). Each DMA channel maintains both a 
20-bit source and destination pointer which can be 
optionally incremented or decremented after each 
data transfer. Each data transfer consumes 2 bus 
cycles (a minimum of 8 clocks), one cycle to fetch 
data and the other to store data. 


Each channel has six registers in the control block 
which define each channel's operation. The control 
registers consist of a 20-bit Source pointer (2 
words), a 20-bit destination pointer (2 words), a 
16-bit Transfer Count Register, and a 16-bit Control 
Word. The format of the DMA Control Blocks is 
shown in Table 13. The Transfer Count Register 


(TC) specifies the number of DMA transfers to be 
performed. Up to 64K byte or word transfers can be 
performed with automatic termination. The Control 
Word defines the channel's operation (see Figure 
17). All registers may be modified or altered during 
any DMA activity. Any changes made to these regis- 
ters will be reflected immediately in DMA operation. 


Register 
Name 
Register 
Address 


Ch.O 
Ch.1 


Control Word 
CAH 
DAH 
Transfer Count 
C8H 
D8H 
Destination Pointer (upper 4 
C6H 
D6H 
bits) 
Destination Pointer 
C4H 
D4H 
Source Pointer (upper 4 bits) 
C2H 
D2H 
Source Pointer 
COH 
DOH 


DMA 
CONTROL 
LOGIC 


inter 


MI 
DESTINATION 
MI 
SOURCE 
iO 
DEC 
INC 
iO 
DEC 
INC 


X = DON'T CARE. 


DMA Channel Control Word Register 


Each DMA Channel Control Word determines the 
mode of operation for the particular 80C188 DMA 
channel. This register specifies: 
• the mode of synchronization; 
• whether interrupts will be generated after the last 


transfer; 
• whether DMA activity will cease after a pro- 


grammed number of DMA cycles; 


• the relative priority of the DMA channel with re- 


spect to the other DMA channel; 
• whether the source pointer will be incremented, 


decremented, or maintained constant after each 
transfer; 


• whether the source pointer addresses memory or 
I/O space; 
• whether the destination pointer will be increment- 


ed, decremented, or maintained constant after 
each transfer; and 


• whether 
the 
destination 
pointer will 
address 


memory or I/O space. 


The DMA channel control registers may be changed 
while the channel is operating. However, any chang- 
es made during operation will affect the current DMA 
transfer. 


DMA Control Word Bit Descriptions 


DEST: 
M/IO Destination pointer is in memory 
(1) or I/O (0) space. 


DEC Decrement destination pointer by 
1 after each transfer. 


INC Increment destination pointer by 1 
after each transfer. 
If both INC and DEC are specified, 
the pointer will not be changed af- 
ter each cycle. 
SOURCE: M/IO Source pointer is in memory (1) or 
I/O (0) space. 


DEC Decrement source pointer by 1 af- 


ter each transfer. 


INC Increment source pointer by 1 af- 
ter each transfer. 
If both INC and DEC are specified, 
the pointer will not be changed af- 
ter each cycle. 


TC: 
If set, DMA will terminate when 
the contents of the transfer count 
register reach zero. The ST/STOP 
bit will also be reset at this point. If 
cleared, the DMA controller will 
decrement the transfer count reg- 
ister for each DMA cycle, but the 
DMA transfers will not stop when 
the transfer count register reaches 
zero. 


INT: 
Enable interrupts to CPU upon 
transfer count termination. 


SYN: 
00 No synchronization. 


NOTE: 


When 
unsynchronized 
transfers 


are specified, the TC bit will be ig- 
nored and the ST/STOP bit will be 
cleared upon the transfer count 
reaching zero, stopping the chan- 
nel. 


01 
Source synchronization. 


10 
Destination synchronization. 


11 
Unused. 
P: 
Channel priority relative to other 
channel. 
o 
Low priority. 


1 
High priority. 


Channels will alternate cycles if 
both are set at the same priority 
level. 


TDRQ: 
Enable/Disable 
(1/0) 
DMA 
re- 


quests from timer 2. 


CHGINOCHG: 
Change/Do not change (1/0) the 
ST/STOP bit. If this bit is set when 
writi~he 
control 
word, 
the 


ST/STOP bit will be programmed 
by the write to the control word. If 
this bit is cleared when writing the 
control word, the ST/STOP bit will 
not be altered. This bit is not 
stored; it will always be read as O. 


ST/STOP: 
Start/Stop (1/0) channel. 


inter 


DMA Destination 
and Source Pointer 
Registers 


Each DMA channel maintains a 20-bit source and a 
20-bit destination pointer. Each of these pointers 
takes up two full 16-bit registers in the peripheral 
control block. For each DMA Channel to be used, all 
four pointer registers must be initialized. The lower 
four bits of the upper register contain the upper four 
bits of the 20-bit physical address (see Figure 18). 
These pointers may be individually incremented or 
decremented after each transfer. 


Each pointer may point into either memory or I/O 
space. Since the upper four bits of the address are 
not automatically programmed to zero, the user 
must program them in order to address the normal 
64K I/O space. There is no restriction on values for 
the pointer registers. 


Each DMA channel maintains a 16-bit transfer count 
register (TC). The register is decremented after ev- 
ery DMA cycle, regardless of the state of the TC bit 
in the DMA Control Register. If the TC bit in the DMA 
control word is set or if unsynchronized transfers are 
programmed, however, DMA activity will terminate 
when the transfer count register reaches zero. 


Data transfers may be either source or destination 
synchronized, that is either the source of the data or 
the destination of the data may request the data 
transfer. In addition, DMA transfers may be unsyn- 
chronized; that is, the transfer will take place contin- 
ually until the correct number of transfers has oc- 
curred. When source or unsynchronized transfers 
are performed, the DMA channel may begin another 
transfer immediately after the end of a previous 
DMA transfer. This allows a complete transfer to 
take place every 2 bus cycles or eight clock cycles 
(assuming no wait states). When destination syn- 
chronization is performed, data will not be fetched 
from the source address until the destination device 
signals that it is ready to receive it. Also, the DMA 
controller will relinquish control of the bus after ev- 
ery transfer. If no other bus activity is initiated, an- 
other destination synchronized DMA cycle will begin 
after two processor clocks. This allows the destina- 
tion device time to remove its request if another 
transfer is not desired. Since the DMA controller will 
relinquish the bus, the CPU can initiate a bus cycle. 
As a result, a complete bus cycle will often be insert- 
ed between destination synchronized transfers. Ta- 
ble 14 shows the maximum DMA transfer rates. 


Table 
14. Maximum 
DMA 


Transfer 
Rates at 16 MHz 


Type of 
Synchronization 
CPU Running 
CPU Halted 


Selected 


Unsynchronized 
2.0 MBytes/sec 2.0 MBytes/sec 


SourceSynch 
2.0 MBytes/sec 2.0 MBytes/sec 


DestinationSynch 1.3MBytes/sec 
1.6MBytes/sec 


HIGHER 
REGISTER 
ADDRESS 


LOWER 
REGISTER 
ADDRESS 


xxx 
xxx 
XXX 
A19-A16 


A15-A12 
A11-AB 
A7-A4 
A3-AO 
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No explicit DMA acknowledge pulse is provided. 
Since both source and destination pointers are 
maintained, a read from a requesting source, or a 
write to a requesting destination, should be used as 
the DMA acknowledge signal. Since the chip-select 
lines can be programmed to be active for a given 
block of memory or 1/0 space, and the DMA point- 
ers can be programmed to point to the same given 
block, a chip-select line could be used to indicate a 
DMA acknowledge. 


The DMA channels may be programmed to give one 
channel priority over the other, or they may be pro- 
grammed to alternate cycles when both have DMA 
requests pending. DMA cycles always have priority 
over internal CPU cycles except between locked 
memory accesses; also, an external bus hold takes 
priority over an internal DMA cycle. Because an in- 
terrupt request cannot suspend a DMA operation 
and the CPU cannot access memory during a DMA 
cycle, interrupt latency time will suffer during se- 
quences of continuous DMA cycles. An NMI re- 
quest, however, will cause all internal DMA activity 
to halt. This allows the CPUto quickly respond to the 
NMI request. 


DMA Programming 


DMA cycles will occur whenever the STISTOP bit of 
the Control Register is set. If synchronized transfers 
are programmed, a ORO must also be generated. 
Therefore the source and destination transfer point- 


MAX COUNT 
VALUE 
A 
MAX COUNT 
VALUE 
CLOCK/4 
• 
MODE/CONTROL 
WORD 


MAX 
COUNT 
VALUE 
A 
MAX COUNT 
VALUE 
• 
MODEICONTROL 
WORD 


ers, and the transfer count register (if used) must be 
programmed before the STISTOP bit is set. 


Each DMA register may be modified while the chan- 
nel is operating. If the CHGINOCHG bit is cleared 
when the control register is written, the STISTOP bit 
of the control register will not be modified by the 
write. If multiple channel registers are modified, it is 
recommended that a LOCKED string transfer be 
used to prevent a DMA transfer from occurring be- 
tween updates to the channel registers. 


Upon RESET, the state of the DMA channels will be 
as follows: 
• The ST/STOP 
bit for each channel will be reset 


to STOP. 


• Any transfer in progress is aborted. 
• The values of the transfer count registers, source 


pointers and destination pointers are indetermi- ' 
nate. 


The 80C188 provides three internal 16-bit program- 
mable timers (see Figure 19). Two of these are high- 
ly flexible and are connected to four external pins (2 
per timer). They can be used to count external 
events, time external events, generate nonrepetitive 
waveforms, etc. The third timer is not connected to 
any external pins, and is useful for real-time coding 
and time delay applications. In addition, the third tim- 
er can be used as a prescaler to the other two, or as 
a DMA request source. 


The timers are controlled by 11 16-bit registers in 
the peripheral control block. The configuration of 
these registers is shown in Table 15. The count reg- 
ister contains the current value of the timer. It can be 
read or written at any time independent of whether 
the timer is running or not. The value of this register 
will be incremented for each timer event. Each of the 
timers is equipped with a MAX COUNT register, 
which defines the maximum count the timer will 
reach. After reaching the MAX COUNT register val- 
ue, the timer count value will reset to zero during 
that same clock, i.e., the maximum count value is 
never stored in the count register itself. Timers 0 and 
1 are, in addition, equipped with a second MAX 
COUNT register, which enables the timers to alter- 
nate their count between two different MAX COUNT 
values. If a single MAX COUNT register is used, the 
timer output pin will switch LOW for a single clock, 1 
clock after the maximum count value has been 
reached. In the dual MAX COUNT register mode, the 
output pin will indicate which MAX COUNT register 
is currently in use, thus allowing nearly complete 
freedom in selecting waveform duty cycles. For the 
timers with two MAX COUNT registers, the RIU bit in 
the control register determines which is used for the 
comparison. 


Each timer gets serviced every fourth CPU-clock cy- 
cle, and thus can operate at speeds up to one-quar- 
ter the internal clock frequency (one-eighth the crys- 
tal rate). External clocking of the timers may be done 
at up to a rate of one-quarter of the internal CPU- 
clock rate. Due to internal synchronization and pipe- 
lining of the timer circuitry, a timer output may take 
up to 6 clocks to respond to any individual clock or 
gate input. 


Since the count registers and the maximum count 
registers are all 16 bits wide, 16 bits of resolution are 
provided. Any Read or Write access to the timers will 
add one wait state to the minimum four-clock bus 
cycle, however. This is needed to synchronize and 
coordinate the internal data flows between the inter- 
nal timers and the internal bus. 


The timers have several programmable options. 
• All three timers can be set to haft or continue on 
a terminal count. 


• Timers 0 and 1 can select between internal and 
external clocks, alternate between MAX COUNT 
registers and be set to retrigger on external 
events. 
• The timers may be programmed to cause an in- 
terrupt on terminal count. 


These options are selectable via the timer model 
control word. 


The mode/control 
register (see Figure 20) allows 
the user to program the specific mode of operation 
or check the current programmed status for any of 
the three integrated timers. 


Table 15.Timer Control Block Format 


Register Name 
Register Offset 


Tmr.O 
Tmr.1 
Tmr.2 


Mode/Control Word 
56H 
5EH 
66H 
Max Count B 
54H 
5CH 
not present 
Max Count A 
52H 
5AH 
62H 
Count Register 
50H 
58H 
60H 


5 
... 
I 
Me 
1 
0 


ALT 
I CONT I 


inter 


EN: 


The enable bit provides programmer control over 
the timer's RUN/HAL T status. When set, the timer is 
enabled to increment subject to the input pin con- 
straints in the internal clock mode (discussed previ- 
ously). When cleared, the timer will be inhibited from 
counting. All input pin transistions during the time EN 
is zero will be ignored. If CaNT is zero, the EN bit is 
automatically cleared upon maximum count. 


INH: 


The inhibit bit allows for selective updating of the 
enable (EN) bit. If INH is a one during the write to the 
model control word, then the state of the EN bit will 
be modified by the write. If INH is a zero during the 
write, the EN bit will be unaffected by the operation. 
This bit is not stored; it will always be a 0 on a read. 


INT: 


When set, the INT bit enables interrupts from the 
timer, which will be generated on every terminal 
count. If the timer is configured in dual MAX CaNT 
register mode, an interrupt will be generated each 
time the value in MAX COUNT register A is reached, 
and each time the value in MAX COUNT register 8 is 
reached. If this enable bit is cleared after the inter- 
rupt request has been generated, but before a pend- 
ing interrupt is serviced, the interrupt request will still 
be in force. (The request is latched in the Interrupt 
Controller). 


RIU: 


The 
Register 
In Use bit indicates which 
MAX 


COUNT register is currently being used for compari- 
son to the timer count value. A zero value indicates 
register A. The RIU bit cannot be written, i.e., its 
value is not affected when the control register is writ- 
ten. It is always cleared when the ALT bit is zero. 


Me: 


The Maximum Count bit is set whenever the timer 
reaches its final maximum count value. If the timer is 
configured in dual MAX COUNT register mode, this 
bit will be set each time the value in MAX COUNT 
register A is reached, and each time the value in 
MAX COUNT register 8 is reached. This bit is set 
regardless of the timer's interrupt-enable bit. The 
MC bit gives the user the ability to monitor timer 
status through software instead of through inter- 
rupts. 


Programmer intervention is required to clear this bit. 


RTG: 


Retrigger bit is only active for internal clocking (EXT 
= 0). In this case it determines the control function 
provided by the input pin. 


If RTG = 0, the input level gates the internal clock 
on and off. If the input pin is HIGH, the timer will 
count; if the input pin is LOW, the timer will hold its 
value. As indicated previously, the input signal may 
be asynchronous with respect to the 80C188 clock. 


When RTG = 1, the input pin detects LOW-to-HIGH 
transitions. The first such transition starts the timer 
running, clearing the timer value to zero on the first 
clock, and then incrementing thereafter. Further 
transitions on the input pin will again reset the timer 
to zero, from which it will start counting up again. If 
CaNT = 0, when the timer has reached maximum 
count, the EN bit will be cleared, inhibiting further 
timer activity. 


P: 


The prescaler bit is ignored unless internal clocking 
has been selected (EXT = 0). If the P bit is a zero, 
the timer will count at one-fourth the internal CPU 
clock rate. If the P bit is a one, the output of timer 2 
will be used as a clock for the timer. Note that the 
user must initialize and start timer 2 to obtain the 
prescaled clock. 


EXT: 


The external bit selects between internal and exter- 
nal clocking for the timer. The external signal may 
be asynchronous with respect to the 80C188 clock. 
If this bit is set, the timer will count LOW-to-HIGH 
transitions on the input pin. If cleared, it will count an 
internal clock while using the input pin for control. In 
this mode, the function of the external pin is defined 
by the RTG bit. The maximum input to output tran- 
sition latency time may be as much as 6 clocks. 
However, clock inputs may be pipelined as closely 
together as every 4 clocks without losing clock puls- 
es. 


ALT: 


The ALT bit determines which of two MAX COUNT 
registers is used for count comparison. If ALT = 0, 
register A for that timer is always used, while if ALT 
= 1, the comparison will alternate between register 
A and register 8 when each maximum count is 
reached. This alternation allows the user to change 
one MAX COUNT register while the other is being 
used, and thus provides a method of generating 
non-repetitive waveforms. Square waves and pulse 
outputs of any duty cycle are a subset of available 
signals obtained by not changing the final count reg- 
isters. The ALT bit also determines the function of 
the timer output pin. If ALT is zero, the output pin will 
go LOW for one clock, the clock after the maximum 
count is reached. If ALT is one, the output pin will 
reflect the current MAX COUNT register being used 
(0/1 for 81 A). 


CONT: 


Setting the CaNT bit causes the associated timer to 
run continuously, while resetting it causes the timer 
to halt upon maximum count. If CaNT = 0 and ALT 
= 1, the timer will count to the MAX COUNT register 
A value, reset, count to the register B value, reset, 
and halt. 


Not all mode bits are provided for timer 2. Certain 
bits are hardwired as indicated below: 


Count Registers 


Each of the three timers has a 16-bit count register. 
The contents of this register may be read or written 
by the processor at any time. If the register is written 
while the timer is counting,the new value will take 
effect in the current count cycle. 


The count registers should be programmed before 
attempting to use the timers since they are not auto- 
matically initialized to zero. 


Max Count Registers 


Timers 0 and 1 have two MAX COUNT registers, 
while timer 2 has a single MAX COUNT register. 
These contain the number of even~sthe timer will 
count. In timers 0 and 1, the MAX COUNT register 
used can alternate between the two max count val- 
ues 
whenever 
the 
current 
maximum count 
is 


reached. Upon RESET,the state of the timers will be 
as follows: 
• All EN (Enable) bits are reset preventing timer 


counting. 
• For Timers 0 and 1, the RIU bits are reset to zero 
and the ALT bits are set to one. This results in the 
Timer Out pins going HIGH. 
• The contents of the count registers are indetermi- 
nate. 


A timer resets when the timer count register equals 
the max count value being used. If the timer count 
register or the max count register is changed so that 
the max count is less than the timer count, the timer 
does 
not 
immediately reset. Instead, the timer 


counts up to OFFFFH, "wraps around" to zero, 
counts up to the max count value, and then resets. 


The 80C188 can receive interrupts from a number of 
sources, both internal and external. The internal in- 
terrupt controller serves to merge these requests on 
a priority basis, for individual service by the CPU. 


Internal interrupt sources (Timers and DMA chan- 
nels) can be disabled by their own control registers 
or by mask bits within the interrupt controller. The 
80C188 interrupt controller has its own control regis- 
ter that sets the mode of operation for the controller. 


The interrupt controller will resolve priority among 
requests that are pending simultaneously. Nesting is 
provided so interrupt service routines for lower priori- 
ty interrupts may be interrupted by higher priority in- 
terrupts. A block diagram of the interrupt controller is 
shown in Figure 21. 


The 80C188 has a special slave mode in which the 
internal interrupt controller acts as a slave to an ex- 
ternal master. The controller is programmed into this 
mode by setting bit 14 in the peripheral control block 
relocation register. (See Slave Mode section.) 


Interrupt Controller External Interface 


Five pins are provided for external interrupt sources. 
One of these pins is NMI, the non-maskable inter- 
rupt. NMI is generally used for unusual events such 
as power-fail interrupts. The other four pins may be 
configured in any of the following ways: 
• As four interrupt input lines with internally gener- 


ated interrupt vectors. 


• As an interrupt line and interrupt acknowledge 


line pair (cascade mode) with externally generat- 
ed interrupt vectors plus two interrupt input lines 
with internally generated vectors. 


• As two pairs of interrupt/interrupt acknowledge 


lines (Cascade Mode) with externally generated 
interrupt vectors. 


External sources in the Cascade Mode use external- 
ly generated interrupt vectors. When an interrupt is 
acknowledged, two INTA cycles are initiated and the 
vector is read into the 80C188 on the second cycle. 
The capability to interface to external 82C59A pro- 
grammable interrupt controllers is provided when 
the inputs are configured in Cascade Mode. 


inter 


Interrupt 
Controller 
Modes of 
Operation 


The basic modes of operation of the interrupt con- 
troller in master mode are similar to the 82C59A. 
The interrupt controller responds indentically to in- 
ternal interrupts in all three modes: the difference is 
only in the interpretation of function of the four exter- 
nal interrupt pins. The interrupt controller is set into 
one of these three modes by programming the cor- 
rect bits in the INTOand INT1 control registers. The 
modes of interrupt controller operation are as fol- 
lows: 


Fully Nested 
Mode 


When in the fully nested mode four pins are used as 
direct interrupt requests as in Figure 22. The vectors 
for these four inputs are generated internally. An in- 
service bit is provided for every interrupt source. If a 
lower-priority device requests an interrupt while the 
in service bit (IS) is set, no interrupt will be generat- 
ed by the interrupt controller. In addition, if another 
interrupt request occurs from the same interrupt 
source while the in-service bit is set, no interrupt will 
be generated by the interrupt controller. This allows 
interrupt service routines to operate with interrupts 
enabled, yet be suspended only by interrupts of 
higher priority than the in-service interrupt. 


When a service routine is completed, the proper IS 
bit must be reset by writing the proper pattern to the 
EOI register. This is required to allow subsequent 
interrupts from this interrupt source and to allow 
servicing of lower-priority interrupts. An EOI com- 


mand is executed at the end of the service routine 
just before the return from interrupt instruction. If the 
fully nested structure has been upheld, the next 
highest-priority source with its IS bit set is then serv- 
iced. 


Cascade 
Mode 


The 80C188 has four interrupt pins and two of them 
have dual functions. In the fully nested mode the 
four pins are used as direct interrupt inputs and the 
corresponding vectors are generated internally. In 
the Cascade Mode, the four pins are configured into 
interrupt input-dedicated acknowledge .signal pairs. 
The interconnection is shown in Figure 23. INTO is 
an interrupt input interfaced to an 82C59A, while 
INT2/INTAO serves as the dedicated interrupt ac- 
knowledge signal to that peripheral. The same is 
true for INT1 and INT3/INTA 1. Each pair can selec- 
tively be placed in the Cascade or non-Cascade 
Mode by programming the proper value into INTO 
and INT1 control registers. The use of the dedicated 
acknowledge signals eliminates the need for the use 
of external logic to generate INTA and device select 
signals. 


The primary Cascade Mode allows the capability to 
serve up to 128 external interrupt sources through 
the use of external master and slave 82C59As. 
Three levels of priority are created, requiring priority 
resolution in the 80C188 interrupt controller, the 
master 82C59As, and the slave 82C59As. If an ex- 
ternal interrupt is serviced, one IS bit is set at each 
of these levels. When the interrupt service routine is 
completed, up to three end-of-interrupt commands 
must be issued by the programmer. 
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INTO 


INT1 


80Cl88 


INT2 


INT3 


INTERRUPT SOURCE 


INTERRUPT SOURCE 


270432-18 


INTERRUPT SOURCE 


INTERRUPT SOURCE 


Figure 22. Fully Nested 
(Direct) 
Mode 
Interrupt 
Controller 
Connections 


Special 
Fully Nested 
Mode 


This mode is entered by setting the SFNM bit in 
INTO or INT1 control register. It enables complete 
nestability with external 82C59A masters. Normally, 
an interrupt request from an interrupt source will not 
be recognized unless the in-service bit for that 
source is reset. If more than one interrupt source is 
connected to an external interrupt controller, all of 
the interrupts will be funneled through the same 
80C188 interrupt request pin. As a result, if the ex- 
ternal interrupt controller receives a higher-priority 
interrupt, its interrupt will not be recognized by the 
80C188 controller until the 80C188 in-service bit is 
reset. In special fully nested mode, the 80C188 in- 
terrupt controller will allow interrupts from an exter- 
nal pin regardless of the state of the in-service bit for 
an interrupt source in order to allow multiple inter- 
rupts from a single pin. An in-service bit will continue 
to be set, however, to inhibit interrupts from other 
lower-priority 80C188 interrupt sources. 


Special procedures should be followed when reset- 
ting IS bits at the end of interrupt service routines. 
Software polling of the IS register in the external 
master 82C59A is required to determine if there is 
more than one bit set. If so, the IS bit in the 80C188 
remains active and the next interrupt service routine 
is entered. 


The controller may be used in a polled mode if inter- 
rupts are undesirable. When polling, the processor 
disables interrupts and then polls the interrupt con- 
troller whenever it is convenient. Polling the interrupt 
controller is accomplished by reading the Poll Word 
(Figure 32). Bit 15 in the poll word indicates to the 
processor that an interrupt of high enough priority is 
requesting service. Bits 0-4 indicate to the proces- 
sor the type vector of the highest-priority source re- 
questing service. Reading the Poll Word causes the 
In-Service bit of the highest priority source to be set. 


It is desirable to be able to read the Poll Word infor- 
mation without guaranteeing service of any pending 


interrupt, i.e., not set the indicated in-service bit. The 
80C188 provides a Poll Status Word in addition to 
the conventional Poll Word to allow this to be done. 
Poll Word information is duplicated in the Poll Status 
Word, but reading the Poll Status Word does not set 
the associated in-service bit. These words are locat- 
ed in two adjacent memory locations in the register 
file. 


Programmable 
Priority 


The user can program the interrupt sources into any 
of eight different priority levels. The programming is 
done by placing a 3-bit priority level (0-7) in the con- 
trol register of each interrupt source. (A source with 
a priority level of 4 has higher priority over all priority 
levels from 5 to 7. Priority registers containing values 
lower than 4 have greater priority). All interrupt 
sources have preprogrammed default priority levels 
(see Table 4). 


If two requests with the same programmed priority 
level are pending at once, the priority ordering 
scheme shown in Table 4 is used. If the serviced 
interrupt routine reenables interrupts, other interrupt 
requests can be serviced. 


End-of-Interrupt 
Command 


The end-of-interrupt (EOI) command is used by the 
programmer to reset the In-Service (IS) bit when an 
interrupt service routine is completed. The EOI com- 
mand is issued by writing the proper pattern to the 
EOI register. There are two types of EOI commands, 
specific and nonspecific. The nonspecific command 
does not specify which IS bit is reset. When issued, 
the interrupt controller automatically resets the IS bit 
of the highest priority source with an active service 
routine. A specific EOI command requires that the 
programmer send the interrupt vector type to the in- 
terrupt controller indicating which source's IS bit is 
to be reset. This command is used when the fully 
nested structure has been disturbed or the highest 
priority IS bit that was set does not belong to the 
service routine in progress. 


Trigger 
Mode 


The four external interrupt pins can be programmed 
in either edge- or level-trigger mode. The control 
register for each external source has a level-trigger 
mode (LTM) bit. All interrupt inputs are active HIGH. 
In the edge sense mode or the level-trigger mode, 
the interrupt request must remain active (HIGH) until 
the 
interrupt 
request 
is 
acknowledged 
by 
the 


80C188 
CPU. In the edge-sense 
mode, 
if the level 
remains 
high after the interrupt 
is acknowledged, 
the 
input is disabled 
and no further 
requests 
will be gen- 
erated. The input level must go LOW for at least one 
clock cycle to reenable 
the input. In the level-trigger 
mode, no such provision 
is made: holding 
the inter- 
rupt input 
HIGH will cause 
continuous 
interrupt 
re- 
quests. 


Interrupt 
Vectoring 


The 80C186 
Interrupt 
Controller 
will generate 
inter- 
rupt vectors 
for the 
integrated 
OMA channels 
and 
the integrated 
Timers. 
In addition, 
the Interrupt 
Con- 
troller will generate 
interrupt 
vectors 
for the external 
interrupt 
lines if they are not configured 
in Cascade 
or Special 
Fully Nested 
Mode. The interrupt 
vectors 
generated 
are fixed and cannot 
be changed 
(see Ta- 
ble 4). 


The 
Interrupt 
Controller 
register 
model 
is shown 
in 
Figure 24. It contains 
15 registers. 
All registers 
can 
both be read or written 
unless specified 
otherwise. 


in-Service 
Register 


This register 
can be read from 
or written 
into. The 
format 
is shown in Figure 25. It contains 
the In-Serv- 
ice bit for each of the interrupt 
sources. 
The In-Serv- 
ice bit is set to indicate 
that a source's 
service 
rou- 
tine is in progress. 
When an In-Service 
bit is set, the 
interrupt 
controller 
will not generate 
interrupts 
to the 
CPU when it receives 
interrupt 
requests 
from devic- 
es with a lower programmed 
priority 
level. The TMR 
bit is the 
In-Service 
bit for all three 
timers; 
the 
DO 
and 01 bits are the In-Service 
bits for the two OMA 
channels; 
the 
10-13 are the 
In-Service 
bits for the 


external 
interrupt 
pins. The 
IS bit is set when 
the 
processor 
acknowledges 
an interrupt 
request 
either 


by an interrupt 
acknowledge 
or by reading 
the poll 
register. The IS bit is reset at the end of the interrupt 
service 
routine 
by an end-of-interrupt 
command. 


Interrupt 
Request 
Register 


The internal 
interrupt 
sources 
have interrupt 
request 


bits inside the interrupt 
controller. 
The format 
of this 


register is shown in Figure 25. A reaa from this regis- 
ter yields the status of these bits. The TMR bit is the 
logical OR of all timer interrupt 
requests. 
DO and 01 


are the interrupt 
request 
bits for the OMA channels. 


The state of the external 
interrupt 
input pins is also 


indicated. 
The state of the external 
interrupt 
pins is 


not a stored condition 
inside the interrupt 
controller, 


therefore 
the external 
interrupt 
bits cannot 
be writ- 


ten. The external 
interrupt 
request 
bits are set when 


an interrupt 
request 
is given to the interrupt 
control- 


ler, so if edge-triggered 
mode is selected, 
the bit in 


the register will be HIGH only after an inactive-to-ac- 
tive transition. 
For internal interrupt 
sources, 
the reg- 


ister bits are set when a request 
arrives and are re- 


set when the processor 
acknowledges 
the requests. 


Writes to the interrupt 
request 
register will affect the 


DO and 01 
interrupt 
request 
bits. Setting 
either 
bit 


will cause the corresponding 
interrupt 
request 
while 


clearing 
either 
bit will remove 
the corresponding 
in- 


terrupt request. All other bits in the register are read- 
only. 


Mask Register 


This is a 16-bit register 
that contains 
a mask bit for 


each interrupt 
source. 
The format 
for this register 
is 


shown 
in Figure 
25. A one 
in a bit position 
corre- 
sa-"rr••"~ ro"~~ 
t::= 
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sponding to a particular source masks the source 
from generating interrupts. These mask bits are the 
exact same bits which are used in the individual con- 
trol registers; programming a mask bit using the 
mask register will also change this bit in the individu- 
al control registers, and vice versa. 


INT3 CONTROL 
REGISTER 


INT2 CONTROL 
REGISTER 


INT1 CONTROL 
REGISTER 


INTO CONTROL 
REGISTER 


OMA 1 CONTROL 
REGISTER 


OMA 0 CONTROL 
REGISTER 


TIMER 
CONTROL 
REGISTER 


INTERRUPT 
STATUS 
REGISTER 


INTERRUPT 
REQUEST 
REGISTER 


IN·SERVICE 
REGISTER 


PRIORITY 
MASK 
REGISTER 


MASK 
REGISTER 


POLL STATUS 
REGISTER 


POLL REGISTER 


EOI REGISTER 


OFFSET 


3EH 


Figure 24. Interrupt Controller Registers 
(Master Mode) 
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Priority Mask Register 


This register masks all interrupts below a particular 
interrupt priority level. The format of this register is 
shown in Figure 26. The code in the lower three bits 
of this register inhibits interrupts of priority lower (a 
higher priority number) than the code specified. For 
example, 100 written into this register masks inter- 
rupts of level five (101), six (110), and seven (111). 
The register is reset to seven (111) upon RESET so 
no interrupts are masked due to priority number. 


Interrupt Status Register 


This register contains general interrupt controller 
status information. The format of this register is 
shown in Figure 27. The bits in the status register 
have the following functions: 
DHLT: DMA Halt Transfer; setting this bit halts all 


DMA transfers. It is automatically set when- 
ever a non-maskable interrupt occurs, and it 
is reset when an IRET instruction is execut- 
ed. This bit allows prompt service of all non- 
maskable interrupts. This bit may also be set 
by the programmer. 


IRTx: These three bits represent the individual tim- 


er interrupt request bits. These bits differenti- 
ate between timer interrupts, since the timer 
IR bit in the interrupt request register is the 
"OR" function of all timer interrupt request. 
Note that setting anyone of these three bits 
initiates an interrupt request to the interrupt 
controller. 
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Figure 26. Priority Mask Register Format 
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Figure 27. Interrupt Status Register Format (Master Mode) 
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Timer, 
DMA 0,1; Control 
Register 


These registers are the control words for all the in- 
ternal interrupt sources. The format for these regis- 
ters is shown in Figure 28. The three bit positions 
PRO,PR1, and PR2 represent the programmable pri- 
ority level of the interrupt source. The MSK bit inhib- 
its interrupt requests from the interrupt source. The 
MSK bits in the individual control registers are the 
exact same bits as are in the Mask Register; modify- 
ing them in the individual control registers will also 
modify them in the Mask Register, and vice versa. 


INTO-INT3 
Control 
Registers 


These registers are the control words for the four 
external input pins. Figure 29 shows the format of 
the INTO and INT1 Control registers; Figure 30 
shows the format of the INT2 and INT3 Control reg- 
isters. In cascade mode or special fully nested 
mode, the control words for INT2 and INT3 are not 
used. 


The bits in the various control registers are encoded 
as follows: 
PRO-2: Priority programming information. Highest 
Priority = 000, Lowest Priority = 111 


LTM: 
Level-trigger mode bit. 1 = level-triggered; 
o = edge-triggered. Interrupt Input levels 
are active high. In level-triggered mode, an 
interrupt is generated whenever the exter- 
nal line is high. In edge-triggered mode, an 
interrupt will be generated only when this 


15 
14 


o 
0 I • 


MSK: 


C: 


level is preceded by an inactive-to-active 
transition on the line. In both cases, the 
level must remain active until the interrupt 
is acknowledged. 
Mask bit, 1 = mask; 0 = non-mask. 
Cascade mode bit, 1 = cascade; 0 = di- 
rect 
Special fully nested mode bit, 1 = SFNM 


EOI Register 


The end of the interrupt register is a command regis- 
ter which can only be written into. The format of this 
register is shown in Figure 31. It initiates an EOI 
command when written to by the 80C188 CPU. 


The bits in the EOI register are encoded as follows: 
Sx: 
Encoded information that specifies an in- 
terrupt source vector type as shown in Ta- 
ble 4. For example, to reset the In-Service 
bit for DMA channel 0, these bits should be 
set to 01010, since the vector type for DMA 
channel 0 is 10. 


NOTE: 
To reset the single In-Service bit for any of 
the three timers, the vector type for timer 0 
(8) should be written in this register. 


NSPEC/: A bit that determines the type of EOI com- 
SPEC 
mand. Nonspecific = 1, Specific = O. 
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Poll and Poll Status 
Registers 


These registers contain polling information. The for- 
mat of these registers is shown in Figure 32. They 
can only be read. Reading the Poll register consti- 
tutes a software poll. This will set the IS bit of the 
highest priority pending interrupt. Reading the poll 
status register will not set the IS bit of the highest 
priority pending interrupt; only the status of pending 
interrupts will be provided. 


Encoding of the Poll and Poll Status register bits are 
as follows: 
Sx: 
Encoded information that indicates the 
vector type of the highest priority inter- 
rupting source. Valid only when INTREQ 
= 1. 


INTREQ: This bit determines if an interrupt request 
is present. Interrupt Request = 1; no In- 
terrupt Request = O. 


When slave mode is used, the internal80C188 inter- 
rupt controller will be used as a slave controller to an 
external master interrupt controller. The internal 
80C188 resources will be monitored by the internal 
interrupt controller, while the external controller 
functions as the system master interrupt controller. 


Upon reset, the 80C188 will be in master mode. To 
provide for slave mode operation bit 14 of the relo- 
cation register should be set. 


Because of pin limitations caused by the need to 
interface to an external 82C59A master, the internal 
interrupt controller will no longer accept external in- 
puts. There are however, enough 80C188 interrupt 
controller inputs (internally) to dedicate one to each 
timer. In this mode, each timer interrupt source has 
its own mask bit, IS bit, and control word. 


In slave mode each peripheral must be assigned a 
unique priority to ensure proper interrupt controller 
operation. Therefore, it is the programmer's respon- 
sibility to assign correct priorities and initialize inter- 
rupt control registers before enabling interrupts. 


The configuration of the 80C188 with respect to an 
external 82C59A master is shown in Figure 33. The 
INTO(Pin 45) input is used as the 80C188 CPU inter- 
rupt input. INT3 (Pin 41) functions as an output to 
send the 80C188 slave-interrupt-request to one of 
the 8 master-PIC-inputs. 
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CASCADE 
ADDRESS 
DECODER 


Correct 
master-slave 
interface 
requires 
decoding 
of 
the 
slave 
addresses 
(CASO-2). Slave 
82C59As 
do 
this 
internally. 
Because 
of 
pin 
limitations, 
the 
80C188 
slave address 
will have to be decoded 
ex- 
ternally. 
INT1 (Pin 44) is used as a slave-select 
in- 
put. Note that the slave vector address 
is transferred 
internally, 
but the READY input must be supplied 
ex- 
ternally. 


INT2 
(Pin 42) is used 
as an acknowledge 
output, 
suitable 
to drive the INTA input of an 82C59A. 


Slave mode operation 
allows nesting 
of interrupt 
re- 
quests. 
When an interrupt 
is acknowledged, 
the pri- 
ority logic masks 
off all priority 
levels 
except 
those 
with equal or higher priority. 


Vector 
generation 
in slave mode is exactly 
like that 
of an 82C59A 
slave. The interrupt 
controller 
gener- 
ates an 8-bit vector which the CPU multiplies 
by four 
and uses as an address 
into a vector 
table. The sig- 
nificant 
five bits of the vector 
are user-programma- 
ble while the lower three 
bits are generated 
by the 
priority 
logic. These 
bits represent 
the encoding 
of 
the priority 
level requesting 
service. 
The significant 
five bits of the vector 
are programmed 
by writing 
to 
the Interrupt 
Vector 
register 
at offset 
20H. 


In slave mode the specific 
EOI command 
operates 
to reset 
an in-service 
bit of a specific 
priority. 
The 
user supplies 
a 3-bit priority-level 
value that points to 
an in-service 
bit to be reset. The command 
is exe- 
cuted by writing the correct 
value in the Specific 
EOI 
register 
at offset 
22H. 


Interrupt Controller 
Registers 
in the Slave Mode 


All control 
and command 
registers 
are located 
inside 
the 
internal 
peripheral 
control 
block. 
Figure 
34 
shows the offsets 
of these 
registers. 


End-of-Interrupt 
Register 


The end-of-interrupt 
register 
is a command 
register 
which can only be written. The format 
of this register 
is shown 
in Figure 35. It initiates 
an EOI command 
when written 
by the 80C188 
CPU. 


The bits in the EOI register 
are encoded 
as follows: 


Lx: 
Encoded 
value indicating 
the priority 
of the IS 
bit to be reset. ' 
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Figure 35. Specific 
EOI Register 
Format 
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Figure 36. In-Service, 
Interrupt 
Request, 
and Mask Register 
Format 


In-Service 
Register 


This register can be read from or written into. It con- 
tains the in-service bit for each of the internal inter- 
rupt sources. The format for this register is shown in 
Figure 36. Bit positions 2 and 3 correspond to the 
OMA channels; positions 0, 4, and 5 correspond to 
the integral timers. The source's IS bit is set when 
the processor acknowledges its interrupt request. 


Interrupt 
Request 
Register 


This register indicates which internal peripherals 
have interrupt requests pending. The format of this 
register is shown in Figure 36. The interrupt request 
bits are set when a request arrives from an internal 
source, and are reset when the processor acknowl- 
edges the request. As in master mode, DO and 01 
are read/write; all other bits are read only. 


Mask Register 


The register contains a mask bit for each interrupt 
source. The format for this register is shown in Fig- 
ure 36. If the bit in this register corresponding to a 
particular interrupt source is set, any interrupts from 
that source will be masked. These mask bits are ex- 
actly the same bits which are used in the individual 
control registers, i.e., changing the state of a mask 
bit in this register will also change the state of the 
mask bit in the individual interrupt control register 
corresponding to the bit. 


Control 
Registers 


These registers are the control words for all the in- 
ternal interrupt sources. The format of these regis- 
ters is shown in Figure 37. Each of the timers and 
both of the OMA channels have their own Control 
Register. 


The bits of the Control Registers are encoded as 
follows: 
prx: 
3-bit encoded field indicating a priority level 
for the source; note that each source must be 
programmed at specified levels. 
msk: mask bit for the priority level indicated by prx 
bits. 


LEVEL 5 CONTROL REGISTER 
(TIMER 2) 


LEVEL 4 CONTROL REGISTER 
(TIMER 1) 


LEVEL 3 CONTROL REGISTER 
(DMA1) 


LEVEL 2 CONTROL REGISTER 
(DMAO) 


LEVEL a CONTROL REGISTER 
(TIMER 0) 


INTERRUPT STATUS REGISTER 


INTERRUPT-REQUEST 
REGISTER 


IN-SERVICE REGISTER 


PRIORITY-LEVEL MASK REGISTER 


MASK REGISTER 


SPECIFIC EOI REGISTER 


INTERRUPT VECTOR REGISTER 


OFFSET 


3AH 


Figure 34. Interrupt 
Controller 
Registers 
(Slave Mode) 
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Figure 37. Control Word Format 
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Figure 38. Interrupt Vector Register Format 
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Figure 39. Priority Level Mask Register 


Interrupt Vector Register 


This register provides the upper five bits of the inter- 
rupt vector address. The format of this register is 
shown in Figure 38. The interrupt controller itself 
provides the lower three bits of the interrupt vector 
as determined by the priority level of the interrupt 
request. 


The format of the bits in this register is: 
tx: 
5-bit field indicating the upper five bits of the 
vector address. 


Priority-Level 
Mask Register 


This register indicates the lowest priority-level inter- 
rupt which will be serviced. 


The encoding of the bits in this register is: 
mx: 
3-bit encoded field indication priority-level val- 
ue. All levels of lower priority will be masked. 


Interrupt Status Register 


This register is defined as in master mode except 
that DHLT is not implemented (see Figure 27). 


Interrupt Controller and Reset 


Upon RESET, the interrupt controller will perform 
the following actions: 
• All SFNM bits reset to 0, implying Fully Nested 
Mode. 
• All PR bits in the various control registers set to 1. 


This places all sources at lowest priority (level 
111). 
• All LTM bits reset to 0, resulting in edge-sense 
mode. 


• All Interrupt Service bits reset to O. 
• All Interrupt Request bits reset to O. 
• All MSK (Interrupt Mask) bits set to 1 (mask). 
• All C (Cascade) bits reset to 0 (non-cascade). 
• All PRM (Priority Mask) bits set to 1, implying no 
levels masked. 
• Initialized to master mode. 
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Enhanced 
Mode Operation 


In Compatible Mode the 80C188 operates with all 
the features of the NMOS 80188, with the exception 
of 8087 support (i.e. no numeric coprocessing is 
possible). Queue-Status information is still available 
for design purposes other than 8087 support. 


All the Enhanced Mode features are completely 
masked when in Compatible Mode. A write to any of 
the Enhanced Mode registers will have no effect, 
while a read will not return any valid data. 


In Enhanced Mode, the 80C188 will operate with 
Power-Save and DRAM refresh, in addition to all the 
Compatible Mode features. 


Entering Enhanced 
Mode 


Enhanced mode can be entered by tying the RESET 
output signal from the 80C188 to the TEST/BUSY 
input. 


The queue-status mode is entered by strapping the 
RD pin low. RD is sampled at RESET and if LOW, 
the 80C188 will reconfigure the ALE and WR pins to 
be QSO and QS1 respectively. This mode is avail- 
able on the 80C188 in both Compatible and En- 
hanced Modes. 


DRAM Refresh Control Unit 
Description 


The Refresh Control Unit (RCU) automatically gen- 
erates DRAM refresh bus cycles. The RCU operates 
only in Enhanced Mode. After a programmable peri- 
od of time, the RCU generates a memory read re- 
quest to the BIU. If the address generated during a 
refresh bus cycle is within the range of a properly 
programmed chip select, that chip select will be acti- 
vated when the BIU executes the refresh bus cycle. 
The ready logic and wait states programmed for that 
region will also be in force. If no chip select is acti- 
vated, then external ready is automatically required 
to terminate the refresh bus cycle. 


If the HLDA pin is active when a DRAM refresh re- 
quest is generated (indicating a bus hold condition), 
then the 80C188 will deactivate the HLDA pin in or- 
der to perform a refresh cycle. The circuit external to 
the 80C188 must remove the HOLD signal in order 
to execute the refresh cycle. The sequence of HLDA 
going inactive while HOLD is being held active can 
be used to signal a pending refresh request. 


All registers controlling DRAM refresh may be read 
and written in Enhanced Mode. When the processor 
is operating in Compatible Mode, they are deselect- 
ed and are therefore inaccessible. Some fields of 
these registers cannot be written and are always 
read as zeros. 


The address generated during a refresh cycle is de- 
termined by the contents of the MDRAM register 
(see Figure 40) and the contents of a 9-bit counter. 
Figure 41 illustrates the origin of each bit. 


Bits 0-8: 
Reserved, read back as O. 
Bits 9-15: 
MO-M6, are address bits A13-A 19 of the 20-bit memory refresh address. These bits should 
correspond to the chip select address to be activated for the DRAM partition. These bits are 
set to 0 on RESET. 
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M6-MO: Bits defined by MDRAM Register 


CA8-CAO: Bits defined by refresh address counter. These bits do not directly follow a binary count. 
Rather, they are implemented using a Linear/Feedback Shift Register. 


Figure 41. Addresses 
Generated 
by RCU 
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Bits 0-8: 
CO-C8, clock divisor register, holds the number of CLKOUT cycles between each refresh 
request. 


Bits 9-15: 
Reserved, read back as O. 


Figure 42. Clock Pre-Scaler 
Register 


Bits 0-8: 
Bits 9-14: 
Bit 15: 


TO- T8, refresh clock counter outputs. Read only. 
Reserved, read back as O. 
Enable RCU, set to 0 on RESET. 


Figure 43. Enable RCU Register 


Refresh Control Unit Programming 
and 
Operation 


After programming the MORAM and the CORAM 
registers (Figures 40 and 42), the RCU is enabled by 
setting the "E" bit in the EORAM register (Figure 
43). The clock counter (TO-T8 of EORAM) will be 
loaded from CO-C8 of CORAM during T3 of instruc- 
tion cycle that sets the "E" bit. The clock counter is 
then decremented at each subsequent CLKOUT. 


A refresh is requested when the value of the counter 
has reached 1 and the counter is reloaded from 
CORAM. In order to avoid missing refresh requests, 
the value in the CORAM register should always be at 
least 18 (12H). Clearing the "E" bit at anytime will 
clear the counter and stop refresh requests, but will 
not reset the refresh address counter. 


Power Save Operation 


The 80C188, when in Enhanced Mode, can enter a 
power saving state by internally dividing the clock-in 
frequency by a programmable factor. This divided 


frequency is also available at the CLKOUT pin. The 
POCON register contains the two-bit fields for se- 
lecting the clock division factor and the enable bit. 


All internal logic, including the Refresh Control Unit 
and the timers, will have their clocks slowed down 
by the division factor. To maintain a real time count 
or a fixed DRAM refresh rate, these peripherals must 
be re-programmed when entering and leaving the 
power-save mode. 


The power-save mode is exited whenever an inter- 
rupt is processed by automatically resetting the en· 
able bit. If the power-save mode is to be re-entered 
after serving the interrupt, the enable bit will need to 
be set in software before returning from the interrupt 
routine. 


The internal clocks of the 80C188 will begin to be 
divided during the T3 state of the instruction cycle 
that sets the enable bit. Clearing the enable bit will 
restore full speed in the T3 state of that instruction. 


At no time should the internal clock frequency be 
allowed to fall below 0.5 MHz. This is the minimum 
operational frequency of the 80C188. For example, 
an 80C188 running with a 12 MHz crystal (6 MHz 
CLOCKOUT) should never have a clock divisor 
greater than eight. 


Clock Divisor Select 
F1 
FO 
Division Factor 


o 
0 
divide by 1 
o 
1 
divide by 4 


1 
0 
divide by 8 
1 
1 
divide by 16 
Reserved, read back as zero. 
Enable Power Save Mode. Set to zero on RESET. 


Bits 2-14: 
Bit 15: 


Figure 44. Power-save 
Control 
Register 


The ONCE mode is selected by tying the UCS and 
the [CS LOW during RESET. These pins are sam- 
pled on the low-t~h 
transition of the RES pin. 


The UCS and the LCS pins have weak internal pull- 
up resistors similar to the RD and TEST pins to guar- 
antee normal operation. 


To facilitate testing and inspection of devices when 
fixed into a target system, the 80C188 has a test 
mode available which allows all pins to be placed in 
a high-impedance state. ONCE stands for "ON Cir- 
cuit Emulation". When placed in this mode, the 
80C188 will put all pins in the high-impedance state 
until RESET. 
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Ambient 
Temperature 
under Bias 
.... 
O·C to + 70·C 


Storage Temperature 
- 65·C to + 150·C 


Voltage 
on Any Pin with 


Respect 
to Ground 
-1.0V 
to + 7.0V 


Package 
Power Dissipation 
1W 


Not to exceed 
the maximum 
allowable 
die temperature 
based 
on ther- 
mal resistance 
of the package. 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE: Specifications contained within the 
following tables are subject to change. 


ADVANCE 
INFORMATION-SEE 
INTEL FOR DESIGN-IN 
INFORMATION 


D.C. CHARACTERISTICS 
TA = O·Cto 
+70·C, 
Vcc = 5V ±10% 
exceptVcc 
= 5V ± 5% atf 
> 12.5 MHz 


Symbol 
Parameter 
Min 
Max 
Units 
Test Conditions 


VIL 
Input Low Voltage 
-0.5 
0.2 Vcc 
- 
0.3 
V 


VIH 
Input High Voltage 
0.2Vcc 
+ 0.9 
Vcc 
+ 0.5 
V 
(All except X1, RES, 
ARDY and SRDY) 


VIH1 
Input High Voltage 
(RES) 
3.0 
Vcc 
+ 0.5 
V 


VIH2 
Input High Voltage 
(SRDY, ARDY) 0.2 Vcc 
+ 1.1 
Vcc 
+0.5 
V 


VCLl 
Clock Input Low Voltage 
(X1) 
-0.5 
0.6 
V 


VCHI 
Clock Input High Voltage 
(X1) 
3.9 
Vcc 
+ 0.5 
V 


VOL 
Output 
Low Voltage 
0.45 
V 
IOL = 2.5 mA (SO, 1, 2) 
. 
IOL = 2.0 mA (others) 


VOH 
Output High Voltage 
2.4 
Vcc 
V 
IOH = -2.4 
mA @ 2.4V(4) 


0.8 Vcc 
Vcc 
V 
IOH = -200 
/LA @ 0.8 VccC4) 


Icc 
Power Supply Current 
180 
mA 
@16MHz,0·C 


- 
Vcc = 5.25V(3) 


150 
mA 
@12.5 MHz, O·C 
Vcc = 5.5V(3) 


120 
mA 
@10MHz,0·C 
Vcc = 5.5V(3) 


III 
Input Leakage Current 
±10 
/LA 
@0.5MHz 
0.45V 
~ VIN ~ Vcc 


ILO 
Output 
Leakage Current 
±10 
/LA 
@0.5MHz 
0.45V 
~ VOUT ~ VccC1) 


VCLO 
Clock Output Low 
0.5 
V 
ICLO = 4.0mA 


VCHO 
Clock Output High 
0.8 Vcc 
V 
'CHO = - 500 /LA 


CIN 
Input Capacitance 
10 
pF 
@ 1 MHz(2) 


CIO 
I/O Capacitance 
20 
pF 
@ 1 MHz(2) 


NOTES: 
1. Pins being floated during HOLD or by invoking the ONCE Mode. 
2. Characterization conditions are a) Frequency = 1 MHz; b) Unmeasured pins at GND; c) VIN at + 5.0V or 0.45V. This 
parameter is not tested. 
3. Current is measured with the device in RESET with X1 and X2 driven and all other non-power pins open. 
4. RD/QSMD, UCS, LCS, TEST pins have internal pullup devices that are active at RESET. Excessive loading on these pins 
can cause the 80C188 to go into undesired modes of operation (e.g. Queue Status, ONCE) upon RESET. 
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Typical current is given by Ice (typ.) = 6.4 mA X 
freq. (MHz) +4.0 mA. "Typicals" are based on a 
limited number of samples-taken from early manu- 
facturing lots measured at Vee = 5V and room tem- 
perature. "Typicals" are not guaranteed. 


Current is linearly proportional to clock frequency 
and is measured with the device in RESET with X1 
and X2 driven and all other non-power pins open. 


Maximum current is indicated in the D.C. Character- 
istics. 


inter 


PIN TIMINGS 
ADVANCE INFORMATION-5EE 
INTEL FOR DESIGN-IN INFORMATION 


A.C. CHARACTERISTICS 


TA = 
O·C to + lO·C, VCC = 
5V ± 10% except 
VCG.= 
5V ± 5% at f > 12.5 MHz 


All timings 
are measured 
at 1.5V and 100 pF loading 
on CLKOUT 
unless otherwise 
noted. 
All output test conditions 
are with CL = 
50-200 
pF (10 MHz) and CL = 
50-100 
pF (12.5-16 
MHz). 
For A.C. tests, input VIL = 
0.45V and VIH = 
2.4V except 
at X1 where VIH = 
Vcc 
- 
0.5V. 


Symbol 
Parameter 
I 
80C188 
80C188·12 
8OC188-16 
Unit 
Test 
I 
Mln 
Max 
Mln 
Max 
Mln 
TMax 
Conditions 


80C186 
TIMING 
REQUIREMENTS 


TDVCL 
Data In Setup (AID) 
15 
15 
10 
ns 


TCLDX 
Data In Hold (AID) 
5 
5 
5 
ns 


TARYCH 
ARDY Resolution 
Transition 
15 
15 
15 
ns 
Setup Time(1) 


TARYLCL 
Asynchronous 
Ready (ARDY) 
25 
25 
25 
ns 
Setup Time 


TCLARX 
ARDY Active 
Hold Time 
15 
15 
15 
ns 


TARYCHL 
ARDY Inactive 
15 
15 
15 
ns 
Hold Time 


TSRYCL 
Synchronous 
Ready 
15 
15 
15 
ns 
(SRDY) Transition 
Setup Time(2) 


TCLSRY 
SRDY Transition 
15 
15 
15 
ns 
Hold Time(2) 


THVCL 
HOLD Setup(1) 
15 
15 
15 
ns 


TINVCH 
INTR, NMI, TEST, TMR IN 
15 
15 
15 
ns 
Setup Time(1) 


TINVCL 
DRQO, DRQ1, RES, Setup 
15 
15 
15 
ns 
Time(1) 


80C188 
MASTER 
INTERFACE 
TIMING 
RESPONSES 


TCLAV 
Address 
Valid Delay 
5 
50 
5 
36 
5 
33 
ns 
CL =50 
pF 


TCLAX 
Address 
Hold 
0 
0 
0 
ns 
-200pF 
all 


TCLAZ 
Address 
Float Delay 
TCLAX 
30 
TCLAX 
25 
TCLAX 
20 
outputs 
ns 
(except 


TCHCZ 
Command 
Lines 
40 
33 
28 
ns 
TCLTMV) @ 
Float Delay 
10MHz 


TCHCV 
Command 
Lines Valid 
45 
37 
32 
ns 
Delay (after Float) 


TLHLL 
ALE Width (min) 
TCLCL - 
30 
TCLCL - 
30 
TCLCL - 
30 
ns 
CL =50 
pF 


TCHLH 
ALE Active 
Delay 
30 
25 
20 
ns 
-100 
pF all 


TCHLL 
ALE Inactive 
Delay 
30 
25 
20 
outputs 
ns 
@ 12.5& 


TLLAX 
Address 
Hold to 
TCHCL - 
20 
TCHCL - 
15 
TCHCL - 
15 
ns 
16MHz 
ALE Inactive 
(min) 


TCLDV 
Data Valid Delay 
5 
40 
5 
36 
5 
33 
ns 


TCLDOX 
Data Hold Time 
3 
3 
3 
ns 


TWHDX 
Data Hold after WR (min) 
TCLCL - 
34 
TCLCL - 
20 
TCLCL - 
20 
ns 


TcVCTV 
Control 
Active 
Delay 1 
3 
56 
3 
47 
3 
31 
ns 


TCHCTV 
Control 
Active 
Delay 2 
5 
44 
5 
37 
5 
31 
ns 


TCVCTX 
Control 
Inactive 
Delay 
3 
44 
3 
37 
3 
31 
ns 


TCVDEX 
DEN Inactive 
Delay 
5 
56 
5 
47 
5 
35 
ns 
(Non-Write 
Cycle) 


NOTES: 
1. To guarantee 
recognition 
at next clock. 
2. To guarantee 
proper 
operation. 


inter 


A.C. CHARACTERISTICS 


TA = O°C to + lO°C, VCC = 5V 
± 10% 
except 
VCC = 5V 
±5% 
at f > 12.5 
MHz 


All 
timings 
are 
measured 
at 
1.5V 
and 
100 
pF 
loading 
on 
CLKOUT 
unless 
otherwise 
noted. 


All 
output 
test 
conditions 
are 
with 
CL = 50-200 
pF 
(10 
MHz) and 
CL = 50-100 
pF 
(12.5-16 
MHz). 


For 
A.C. 
tests, 
input 
VIL = 0.45V 
and 
VIH = 2.4V 
except 
at X1 
where 
VIH = VCC 
-0.5V. 


Symbol 
Parameter 
80C188 
80C188-12 
80C188-16 
I Unit 
Test 


Mln 
Max 
Min 
Max 
Mln 
I Max I 
Conditions 


80C188 
MASTER 
INTERFACE 
TIMING 
RESPONSES 
(Continued) 


TAZAL 
Address 
Float to 
0 
0 
0 
ns 
CL = 50-200 
pF 
RDActive 
all outputs 


TCLAL 
RD Active 
Delay 
5 
44 
5 
37 
5 
31 
ns 
(exceptT 
CLTMV) 


@ 10 MHz 
TCLAH 
RD Inactive 
Delay 
5 
44 
5 
37 
5 
31 
ns 


TAHAV 
RD Inactive 
to 
TCLCL - 
40 
TCLCL - 
20 
TCLCL - 
20 
ns 
CL = 50-100 
pF 
Address 
Active 
all outputs@ 


(min) 
12.5 & 16 MHz, 


TCLHAV 
HLDA Valid Delay 
3 
40 
3 
33 
3 
25 
ns 


TALAH 
RD Pulse Width 
2TcLCL 
- 
46 
2TCLCL - 
40 
2TCLCL - 
30 
ns 
(min) 


TWLWH 
WR Pulse Width 
2TCLCL - 
34 
2TCLCL - 
30 
2TCLCL - 
25 
ns 
(min) 


TAVLL 
Address 
Valid to 
TCLCH - 
19 
TCLCH - 
15 
TCLCH - 
15 
ns 
Equal 


ALE Low (min) 
Loading 


TCHSV 
Status Active 
5 
45 
5 
35 
5 
31 
ns 
Delay 


TCLSH 
·Status Inactive 
5 
50 
5 
35 
5 
30 
ns 
Delay 


TCLTMV 
Timer Output 
Delay 
48 
40 
30 
ns 
100 pF max 
@10MHz 


TCLAO 
Reset Delay 
48 
40 
30 
ns 
CL = 50-200 
pF 


TCHQSV 
Queue Status 
28 
28 
25 
ns 
All outputs 


Delay 
(except 
TCLTMV) 


TCHDX 
Status 
Hold Time 
@ 10 MHz 
5 
5 
5 
ns 


TAVCH 
Address 
Valid to 
0 
0 
0 
ns 
CL = 50-100 
pF 


Clock High 
All outputs@ 


TCLLV 
WCK Valid/Invalid 
3 
45 
3 
40 
3 
35 
ns 
12.5& 
16 MHz 


Delay 


TDXDL 
iJEjij Inactive 
to 
0 
0 
0 
ns 
Equal 


DTmLow 
Loading 


80C188 
CHIP-SELECT 
TIMING 
RESPONSES 


TCLCSV 
Chip-Select 
45 
33 
30 
ns 
Active 
Delay 


Tcxcsx 
Chip-Select 
TCLCH - 
10 
TCLCH - 
10 
TCLCH - 
10 
ns 
Equal 


Hold from 
Loading 
Command 
Inactive 


TCHCSX 
Chip-Select 
5 
32 
5 
28 
5 
23 
ns 
Inactive 
Delay 


inter 


A.C. CHARACTERISTICS 


TA = O·C to + 70·C, 
Vcc 
= 5V 
± 10% 
except 
Vcc 
= 5V 
±5% 
at f > 12.5 
MHz 


All 
timings 
are 
measured 
at 
1.5V 
and 
100 
pF 
loading 
on 
CLKOUT 
unless 
otherwise 
noted. 


All 
output 
test 
conditions 
are 
with 
CL = 
50-200 
pF 
(10 MHz) and 
CL = 
50-100 
pF 
(12.5-16 
MHz). 
For 
A.C. 
tests, 
input 
VIL = 0.45V 
and 
VIH = 2.4V 
except 
at X1 where 
VIH = Vcc 
-0.5V. 


Symbol 
Parameter 
8OC188 
8OC188-12 
80C188-16 
Unit 
Test 


Mln 
Max 
Mln 
Max 
Mln 
Max 
Conditions 


80C188 
CLKIN 
REQUIREMENTS 
Measurements 
taken with following 
conditions: 
External 
clock input to X1 and X2 not 
connected 
(float) 


TCKIN 
CLKIN 
Period 
50 
1000 
40 
1000 
31.25 
1000 
ns 


TCKHL 
CLKIN 
Fall Time 
5 
5 
, 
5 
ns 
3.5to 
1.0Y 


TCKLH 
CLKIN 
Rise Time 
5 
5 
5 
ns 
1.0 to 3.5Y 


TCLCK 
CLKIN 
Low Time 
20 
16 
13 
ns 
1.5y(2) 


TCHCK 
CLKIN High Time 
20 
16 
13 
ns 
1.5y(2) 


80C188 
CLKOUT 
TIMING 
200 pF load maximum 
for 10 MHz or less, 100 pF load maximum 
above 
10 MHz 


TCICO 
CLKIN to 
25 
21 
17 
ns 
CLKOUTSkew 


TCLCL 
CLKOUT 
Period 
100 
2000 
80 
2000 
62.5 
2000 
ns 


TCLCH 
CLKOUT 
0.5 TCLCL-8 
0.5 TCLCL-7 
0.5 TCLCL -7 
ns 
CL = 100 pF(2) 


Low Time (min) 
0.5 TCLCL-6 
0.5 TCLCL -5 
0.5 TCLCL -5 
ns 
CL = 50pF(3) 


TCHCL 
CLKOUT 
0.5 TCLCL-8 
0.5 TCLCL -7 
0.5 TCLCL-7 
ns 
CL = 100 pF(4) 


High Time (min) 
0.5 TCLCL -6 
0.5 TCLCL-5 
0.5 TCLCL -5 
ns 
CL = 50pF(3) 


TCH1CH2 
CLKOUT 
10 
10 
8 
ns 
1.0 to 3.5Y 


Rise Time 


TCL2CL1 
CLKOUT 
10 
10 
8 
ns 
3.5 to 1.0Y 


Fall Time 


NOTES: 
1. TCLCK and TCHCK (CLKIN 
Low and High times) 
should 
not have a duration 
less than 40% 
of TCKIN. 
2. Tested 
under worst 
case conditions: 
YCC = 5.5Y (5.25Y 
@16 MHz), TA = 70·C. 
3. Not Tested. 
4. Tested 
under worst 
case conditions: 
YCC = 4.5Y (4.75Y 
@16 MHz), TA = O·C. 
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Each timing symbol 
has from 5 to 7 characters. 
The first character 
is always a "T" 
(stands for time). The other 
characters, 
depending 
on their positions, 
stand for the name of a signal or the logical status of that signal. The 


following 
is a list of all the characters 
and what they stand for. 


A: Address 


ARY: Asynchronous 
Ready Input 


C: Clock Output 


CK: Clock 
Input 


CS: Chip Select 


CT: Control 
(DT IR, DEN, ... ) 


D: Data Input 


DE: DEN 


H: Logic Level High 


IN: Input (DROO, TIMO, ... ) 


L: Logic Level Low or ALE 


0: Output 


OS: Oueue 
Status 
(OS1, OS2) 


R: RD Signal, 
RESET Signal 


S: Status 
(SO, S1, S2) 


SRY: Synchronous 
Ready Input 


V: Valid 


W: WR Signal 


X: No Longer a Valid Logic Level 


Z: Float 


Examples: 


TCLAV- 
Time from Clock Low to Address 
Valid 


TCHLH- 
Time from Clock High to ALE High 


TCLCSV- 
Time from Clock 
Low to Chip Select 
Valid 


WAVEFORMS 


MAJOR 
CYCLE 
TIMING 


VCH 
T1 
Tw 
To4 


CLK OUT 


52-SO 
,, 


RF5H 
RF5H,56-53 
A19/56-A16/53 


A15-A8 
A15-A8 
(FLOAT 
DURING INTA) 


ALE 
I 
I. 


TCLDOX 


AD7-ADO 
DATA OUT 


WRITE CYCLE 
TWHDX 


TCVCTX 


DEN 


RD,INTA, 
TCVCTV 
TWLWH 
DT/R=VOH 
WR 


SOFTWARE HALT-DT/R=VOL' 


57,RD,WR,INTA,DEN=VOH 


PC5, 


MC5, 


LC5, 


UCS, 
(NOTE 4) 


inter 


WAVEFORMS 
(Continued) 


MAJOR 
CYCLE 
TIMING 
(Continued) 


NOTES: 
1. The data hold time lasts only untillNTA 
goes inactive, 
even if the INTA transition 
occurs 
prior to TCLDX (min). 


2. INTA occurs 
one clock 
later in Slave 
Mode. 
3. Status 
inactive 
just prior to T4. 
4. Latched 
A 1 and A2 have the same timings 
as PCS5 and PCS6. 
5. For Write cycle followed 
by Read. 


inter 


~ 
INT003 
T1I1ERlN 


inter 


WAVEFORMS 
(Continued) 


READY 
TIMING 


ARDY 
(NORMALLY 
NOT READY 
SYSTEM) 


ARDY [ 
(NORMALLY 
READY 
SYSTEM) 


CLKOUT' 
'"""' 
•• 
~CL--i:rt.. 


HOLD---- 


A15-AS, AD7-ADO ---S-OC-1-S-S 
--' 
DEN 
• 


A19/S6-A16/S3, 


RD. WR,---S-OC-1-SS--' 
BHE,DT/R,------ 


52- SO,LOCK 


inter 


WAVEFORMS 
(Continued) 


TIMER ON 80C186 


CUI ••• 


(Xl) 


inter 


Typical Output 
Delay Capacitive 
Derating 


8 


7 


6 


5 


x= high-t~-IOW 
- 0= low-to-hlgh 


/. 
~'/ 
)'i 
po 


50 
75 
100 125 150 175 


Copocltlve 
Lood (pF") 


Typical 
Rise and Fall Times for TTL Voltage 
Levels 


8 


7 


6 


5 


50 
75 
100 125 150 175 


Copocitlve 
Lood (pF") 


Typical 
Rise and Fall Times for CMOS Voltage 
Levels 


16 


14 


12 


10 
-;;-5 
8 
- 


50 
75 
100 125 150 175 


Copocitlve 
Lood (pF) 


intJ 


The Intel EXPRESS 
system 
offers enhancements 
to 


the operational 
specifications 
of the 80C188 
micro- 
processor. 
EXPRESS 
products 
are 
designed 
to 


meet the needs of those applications 
whose operat- 


ing requirements 
exceed 
commercial 
standards. 


The 80C188 
EXPRESS 
program 
includes 
an extend- 


ed temperature 
range. 
With 
the 
commercial 
stan- 


dard 
temperature 
range 
operational 
characteristics 


are guaranteed 
over the temperature 
range of O°C to 


+ 70°C. With 
the 
extended 
temperature 
range 
op- 


tion, operational 
characteristics 
are guaranteed 
over 


the range of - 40°C to + 85°C. 


Package types and EXPRESS versions 
are identified 


by a one or two-letter 
prefix to the part number. The 


prefixes are listed in Table 16. All AC and DC specifi- 
cations 
not mentioned 
in this section 
are the same 


for both commercial 
and EXPRESS 
parts. 


Table 16. Prefix Identification 


Prefix 
Package 
Type 
Temperature 
Range 


A 
PGA 
commercial 


N 
PLCC 
commercial 


R 
LCC 
commercial 


TA 
PGA 
extended 


TN 
PLCC 
extended 


TR 
LCC 
extended 


NOTE: 
Extended 
temperature 
versions 
of 
the 
BOC1BB are 
not 


available 
at 16 MHz. 


A determination 
of 80C188 
program 
execution 
tim- 


ing must consider 
both the bus cycles 
necessary 
to 


prefetch 
instructions 
as well as the number 
of exe- 


cution unit cycles 
necessary 
to execute 
instructions. 


The following 
instruction 
timings 
represent 
the mini- 


mum execution 
time in clock cycles for each instruc- 


tion. The timings 
given are based 
on the following 


assumptions: 


• 
The opcode, 
along with any data or displacement 


required 
for execution 
of a particular 
instruction, 


has been prefetched 
and resides 
in the queue at 


the time it is needed. 


• 
No wait states or bus HOLDs 
occur. 


All instructions 
which 
involve 
memory 
accesses 
can 


require one or two additional 
clocks 
above the mini- 


mum timings 
shown due to the asynchronous 
hand- 


shake between 
the BIU and execution 
unit. 


All jumps and calls include the time required to fetch 
the opcode 
of the next instruction 
at the destination 


address. 


The 80C188 
8-bit BIU is noticeably 
limited in its per- 


formance 
relative 
to the execution 
unit. A sufficient 


number 
of prefetched 
bytes 
may not reside 
in the 


prefetch 
queue 
much of the time. Therefore, 
actual 


program 
execution 
time will be substantially 
greater 


than that derived 
from adding the instruction 
timings 


shown. 


inter 


Function 
Format 
Clock 
Comments 
Cycles 


DATA TRANSFER 
MOV = Move: 


Register to RegisterlMemory 
1000100w 
mod reg rim 
I 
2/12' 


RegisterI memory to register 
1000101w 
mod reg rim 
I 
2/9' 


Immediate to registerlmemory 
1100011 
w 
modOOOrim I 
data 
I 
dataifw=1 
I 
12/13 
B/16-bit 


Immediate to register 
1011 
w reg 
data 
I 
dataifw~1 
I 
3/4 
B/16-bit 


Memory to accumulator 
1010000w 
addr-Iow 
I 
addr-high 
I 
B' 


Accumulator to memory 
1010001w 
addr-Iow 
I 
addr-high 
I 
g' 


Registerlmemory to segment register 
10001110 
mod 0 reg rim I 
2/13 


Segment register to registerImemory 
10001100 
I mod 0 reg rim I 
2/15 


PUSH = Push: 


Memory 
I 
11111111 
I 
mod 1 10 rim I 
20 


Register 
I 
01010reg 
I 
14 


Segment register 
I 
OOOreg 110 
I 
13 


Immediate 
I 
01101050 
I 
data 
I 
datah-O 
I 
14 


PUSHA = Push AU 
I 01100000 
I 
68 


POP = Pop: 


Memory 
I 
10001111 
I modOOO rim I 
24 


Register 
I 
01011 
reg I 
14 


Segment register 
I 
000reg111 
I 
(reg",01) 
12 


POPA= 
PopAIl 
I 
01100001 
I 
83 


XCHG = Exchange: 


Registerlmemory with register 
I 
1000011w 
I 
mod reg rim 
I 
4/17' 


Register with accumulator 
I 
10010reg 
I 
3 


IN ~ Input from: 


Fixed port 
I 
1110010w 
port 
I 
10' 


Variable port 
I 
1110110w 
B' 
OUT = Output to: 


Fixed port 
I 
1110011 
w 
port 
I 
9' 


Variable port 
1110111 
w 
7' 


XLAT = Translate byte to AL 
11010111 
15 


LEA = Load EA to register 
10001101 
I 
mod reg rim 
I 
6 


LOS ~ Load pointer to OS 
11000101 
mod reg rim 
I 
(mod",11) 
26 


LES ~ Load pointer to ES 
11000100 
mod reg rim 
I 
(mod",11) 
26 


LAHF ~ Load AH with flags 
10011111 
2 


SAHF = Store AH into flags 
I 
10011110 
3 


PUSHF = Push flags 
I 
10011100 
13 


POPF = Pop flags 
I 
10011101 
12 


Shaded 
areas 
indicate 
instructions 
not available 
in 8086, 
8088 microsystems. 


'NOTE: 
Clock 
cycles 
shown 
for byte transfer. 
For word operations, 
add 4 clock 
cycles 
for all memory 
transfers. 
9-267 


Function 
Format 
Clock 
Comment. 
Cycle. 


DATA TRANSFER(Continued) 
SEGMENT= segment Override: 


CS 
I 
00101110 
I 
2 


SS 
I 
00110110 
I 
2 


DS 
- 
I 
00111110 
I 
2 


ES 
I 
00100110 
I 
2 


ARITHMETIC 
ADD = Add: 


Reg/memorywith registerto either 
I OOOOOOdw I 
mod reg rIm 
I 
3/10' 


Immediateto register/memory 
I 
100000sw 
I modOOO rIm I 
data 
I dataifsw=01 
I 
4/16' 


Immediateto accumulator 
I 0000010w 
I 
data 
I 
dataifw=1 
I 
3/4 
6/16·bit 


ADC = Add with caRry: 


Reg/memorywith registerto either 
I 000100dw 
I 
mod reg rIm 
I 
3/10' 


Immediateto register/memory 
I 
100000sw 
I modO 10 rIm I 
data 
I data if sw=01 I 
4/16' 


Immediateto accumulator 
I 
0001010w 
I 
data 
I 
dataifw=1 
I 
3/4 
8/16·bit 


INC = Increment 


Register/memory 
, 
I 
1111111w 
I modOOO rIm I 
3/15' 


Register 
I 01000 
reg 
I 
3 


SUB = Subtract: 


Reg/memoryand registerto either 
I 
001010dw 
I 
mod reg rIm I 
3/10' 


Immediatefrom register/memory 
I 
100000sw 
I mod 101 rIm I 
data 
I data if s w=01 I 
4/16' 


Immediatefrom accumulator 
I 
0010110w 
I 
data 
I 
dataifw=1 
I 
3/4 
8/16·bit 


SBB = Subtract with borrow: 


Reg/memoryand registerto either 
I 000110dw 
mod reg rIm 
I 
3/10' 


Immediatefrom register/memory 
I 
100000sw 
mod011 
rIm I 
data 
I dataifsw=01 
I 
4/16' 


Immediatefrom accumulator 
I 
0001110w 
data 
I 
data ifw= 1 I 
3/4 
8/16·b~ 


DEC = Decrement 


Register/memory 
I 
1111111w 
mod0 0 1 rIm I 
3/15' 


Register 
I 01001 
reg 
3 


CMP = Compare: 


Register/memorywith register 
I 
0011101 
w 
modreg rIm 
3/10' 


Registerwith register/memory 
I 0011100w 
mod reg rIm 
3/10' 


Immediatewith register/memory 
I 
100000sw 
mod111 
rIm 
data 
I data ifsw=01 
I 
3/10' 


Immediatewith accumulator 
I 
0011110w 
data 
dataifw=1 
I 
3/4 
8/16-bit 


NEG = Changesign register/memory I 
1111011 
w 
mod011 
rIm 
3/10' 


AAA = ASCIIadjustfor add 
I 
00110111 
8 


DM 
= Decimaladjustfor add 
I 
00100111 
I 
4 


AAS = ASCIIadjustfor subtract 
I 
00111111 
I 
7 


DAS = Decimaladjustfor subtract 
I 
00101111 
I 
4 


Shaded 
areas 
indicate 
instructions 
not available 
in 8086, 8088 
microsystems. 


'NOTE: 
Clock 
cycles 
shown 
for byte transfer. 
For word operations, 
add 4 clock 
cycles 
for all memory 
transfers. 


inter 


Format 
Clock 
Comments 
Function 
Cycles 


ARITHMETIC (Continued) 


MUL ~ Multiply (unsigned): 
I 
1111011 
w I 
mod 100 rim 
I 
Register-Byte 
26-28 
Register-Word 
35-37 
Memory-Byte 
32-34 
Memory-Word 
41-43' 


IMUL ~ Integer multiply (signed): 
I 
1111011 
w I mod 101 
rim I 
, 


Register-Byte 
25-28 
Register-Word 
34-37 
Memory-Byte 
31-34 
Memory-Word 
40-43' 


IMUL "" Integer Immediate multiply 
I 01101081 
I 
modr~ 
rIm I 
date 
I 
dialaIfs=O 
I 
22-25/ 
(signed) 
29-32 


DIY = Divide (unsigned): 
I 1111011 
w I mod 110 
rim I 
Register-Byte 
29 
Register-Word 
38 
Memory-Byte 
35 
Memory-Word 
44' 


IDlY ~ Integer divide (signed): 
I 
1111011 
w I mod 111 
rim I 
Register-Byte 
44-52 
Register-Word 
53-61 
Memory-Byte 
50-58 
Memory-Word 
59-67' 


AAM = ASCII adjust for multiply 
I 
11010100 
I 
00001010 
I 
19 


AAD ~ ASCII adjust for divide 
I 
11010101 
I 
00001010 
I 
15 


CBW = Convert byte to word 
I 
10011000 
I 
2 


CWO ~ Convert word to double word I 
10011001 
I 
4 


LOGIC 
Shift/Rotate 
Instructions: 


Register/Memory by 1 
I 
1101000w 
I 
modTTTr/m 
I 
2/15 


Register/Memory by CL 
I 1101001 
w I 
mod TTT r/m 
I 
5+n/17+n 


Register/Memory by Count 
I 1100000w 
I modTTTr/m 
I 
count 
I 
5+n/17+n 


TTT Instruction 
000 
ROL 
001 
ROR 
010 
RCL 
011 
RCR 
100 
SHL/SAL 
101 
SHR 
111 
SAR 
AND = And: 


Reg/memory and register to either 
I 
001000dw 
I 
mod reg rim 
I 
3/10' 


Immediate to register/memory 
I 
1000000w 
I mod 1 00 
rim I 
data 
I 
dataifw~1 
I 
4/16' 


Immediate to accumulator 
I 
0010010w 
I 
data 
I 
dataifw=1 
I 
3/4 
8/16-bit 


Shaded 
areas 
indicate 
instructions 
not available 
in 8086, 8088 
microsystems. 


"NOTE: 
Clock 
cycles 
shown 
for byte transfer. 
For word operations, 
add 4 clock 
cycles 
for all memory 
transfers. 


Function 
Format 
Clock 
Comments 
Cycles 


LOGIC(Continued) 
TEST~ And function to flags, no result: 


Registerlmemoryand register 
I 
1000010w 
I 
modreg rIm 
I 
3/10' 


Immediatedataand registerlmemory I 
1111011 
w I mod0 0 0 rIm I 
data 
I 
dataifw=1 
I 
4/10' 


Immediatedataand accumulator 
I 
1010100w 
I 
data 
I 
dataifw=1 
I 
3/4 
8/16-bit 


OR=Or: 


Reglmemoryand registerto either 
I 
000010dw 
I 
modreg rIm 
I 
3/10' 


Immediateto registerlmemory 
I 
1000000w 
I mod0 0 1 rIm I 
data 
I 
dataifw=1 
I 
4/16' 


Immediateto accumulator 
I 
0000110w 
I 
data 
I 
dataifw=1 
I 
3/4 
81 16-bit 


XOR ~ Exclusive or: 


Reglmemory and registerto either 
001100dw 
modreg rIm 
I 
3/10' 


Immediateto registerlmemory 
1000000w 
mod 110 
rIm I 
data 
I 
dataifw=1 
I 
4/16' 


Immediateto accumulator 
0011010w 
data 
I 
dataifw=1 
I 
3/4 
8/16-bit 


NOT = Invertregisterlmemory 
1111011 
w 
mod0 10 rIm I 
3/10' 


STRINGMANIPULATION 


MOYS ~ Movebyte/word 
1010010w 
I 
14' 


CMPS = Comparebyte/word 
I 
1010011 
w I 
22' 


SCAS = Scanbyte/word 
1010111 
w I 
15' 


LODS ~ Loadbyte/wd to All AX 
1010110w 
I 
12' 


STOS = Storebyte/wd from ALl AX 
1010101 
w I 
10' 


INS = InputbyIe/wd from OXport 
0110110w 
I 
14 


OUTS = Outputbyte/wd to OXport 
0110111 
w I 
14 
,~ 


Repeatedby count inex (REPI 
REPE/REPZIREPNE/REPNZ) 


MOYS= Move string 
I 
11110010 
I 
1010010w 
I 
8+8n' 


CMPS ~ Comparestring 
I 
1111001 
z I 
1010011 
w I 
5+22n' 


SCAS = Scanstring 
I 
1111001 
z I 1010111 
w I 
5+ 15n' 


LODS ~ Loadstring 
I 
11110010 
I 
1010110w 
I 
6+11n' 


STOS ~ Storestring 
I 
11110010 
I 
1010101 
w I 
6+9n' 


I 
I 
I 
-- 
INS = Inputstring 
11110010 
0110110w 
8+8n' 


OUTS = Outputsiring 
I 11110010 
I 0110111 
w I 
8+8n' 


<-~~ 


CONTROLTRANSFER 


CALL ~ Call: 


Direct 
within 
segment 
I 
11101000 
I 
disp-Iow 
I 
disp-high 
I 
19 


Registerlmemory 
I 
11111111 
I mod010 
rIm I 
17/27 


indirect 
within 
segment 


Direct intersegment 
I 
10011010 
I 
segmentoffset 
I 
31 
I 
segment 
selector 
I 


Indirect 
intersegment 
I 
11111111 
I modO 11 rIm I 
(mod'" 11) 
54 


Shaded areas indicate instructions 
not available in 8086, 8088 microsystems. 


'NOTE: 
Clock cycles shown for by1e transfer. 
For word operations, 
add 4 clock cycles for all memory transfers. 
9-270 


inter 


Function 
Format 
Clock 
Comments 
Cycles 


CONTROL 
TRANSFER 
(Continued) 


JMP 
~ Unconditional 
Jump: 


Short/long 
I 
11101011 
I 
disp-Iow 
I 
14 


Direct within segment 
I 
11101001 
I 
disp-Iow 
I 
disp-high 
I 
14 


Register/memory 
I 
11111111 
Imod 1 00 
r/ml 
11/21 


indirect 
within 
segment 


Direct intersegment 
I 
11101010 
I 
segment 
offset 
I 
14 


I 
segment 
selector 
I 


Indirect 
intersegment 
I 
11111111 
Imod 101 
r/ml 
(mod'" 
11) 
34 


RET ~ Return 
from 
CALL: 


Within segment 
I 
11000011 
I 
20 


Within seg adding immed to SP 
I 
11000010 
I 
data-low 
I 
data-high 
I 
22 


Intersegment 
I 
11001011 
I 
30 


Intersegment 
adding immediate 
to SP 
11001010 
I 
data-low 
I 
data-high 
I 
33 


JE/JZ 
= Jump on equal/zero 
01110100 
I 
disp 
I 
4/13 
JMP not 


JL/JNGE 
~ Jump on less/not 
greater or equal 
01111100 
disp 
4/13 


taken/JMP 


taken 


JLE/JNG 
= Jump on less or equal/not 
greater 
01111110 
disp 
4/13 


JB/JNAE 
~ Jump on below/not 
above or equal 
01110010 
disp 
4/13 


JBE/JNA 
= Jump on below or equal/not 
above 
01110110 
disp 
4/13 


JP/JPE 
~ Jump on parity/parity 
even 
I 
01111010 
disp 
4/13 


JO ~ Jump on overflow 
I 
01110000 
disp 
4/13 


JS = Jump on sign 
I 
01111000 
I 
disp 
4/13 


JNE/ JNZ 
~ Jump on not equall not zero 
I 
01110101 
I 
disp 
4/13 


JNL/JGE 
~ Jump on not less/greater 
or equal 
I 
01111101 
I 
disp 
4/13 


JNLE/JG 
~ Jump on not less or equal/greater 
I 
01111111 
I 
disp 
4/13 


JNB/JAE 
~ Jump on not below/above 
or equal I 
01110011 
I 
disp 
4/13 


JNBE/JA 
= Jump on not below or equal/above 
I 
01110111 
I 
disp 
4/13 


JNP/JPO 
= Jump on not par/par 
odd 
I 
01111011 
disp 
I 
4/13 


JNO 
= Jump on not overflow 
I 
01110001 
disp 
I 
4/13 


JNS 
~ Jump on not sign 
I 
01111001 
disp 
I 
4/13 


JCXZ 
~ Jump on ex zero 
I 
11100011 
disp 
I 
5/15 


LOOP 
~ 
Loop ex times 
I 
11100010 
disp 
I 
6/16 
LOOP not 


LOOPZ/LOOPE 
= 
Loop while zero/equal 
I 
11100001 
disp 
I 
6/16 


taken/LOOP 


taken 


LOOPNZ/LOOPNE 
= Loop while not zero/equal 
I 
11100000 
disp 
I 
6/16 
I 
I 
I 
I 


- 


ENTER 
= 
Enter Procedure 
11001000 
dala-iow 
data-high 
L 


L=O 
15 


L=l 
25 
L>l 
22+ 
16(n-1) 


LEAVE 
= 
Leave Procedure 
I 
11001001 
I 
6 
--- 
- ---- 


Function 
Format 
Clock 
Commenta 
Cycle. 


CONTROL 
TRANSFER 
(Continued) 


INT = Interrupt 


Type specified 
I 
11001101 
I 
type 
I 
47 


Type 3 
I 
11001100 
I 
45 
if INT. taken I 


INTO = Interrupt 
on overflow 
I 
1.1001110 
I 
48/4 
if INT. not 


taken 


IRET = Interrupt 
return 
I 
11001111 
I 
28 


BOUND 
= Detect 
value out of !&nge 
I 
01100010 
I mod reg 
rIm I 
33-35 
,~, 
_._<. 


PROCESSOR 
CONTROL 
- 


CLC = Clear carry 
11111000 
I 
2 


CMC 
~ Complement 
carry 
11110101 
I 
2 


STC = Set carry 
11111001 
I 
2 


CLD 
~ 
Clear direction 
11111100 
I 
2 


STD = Set direction 
11111101 
2 


CLI 
~ Clear interrupt 
I 
11111010 
2 


STI = Set interrupt 
11111011 
2 


HLT 
~ 
Halt 
11110100 
2 


WAIT 
= Wait 
10011011 
6 
if TEST ~ 0 


LOCK 
~ 
Bus lock prefix 
11110000 
2 


NOP = No Operation 
10010000 
I 
3 


The Effective 
Address 
(EA) of the memory 
operand 
is computed 
according 
to the mod and rim fields: 
if mod 
11 then rim is treated as a REG field 
if mod 
00 then OISP = 0'. disp-Iow and disp- 
high are absent 
01 then OISP = disp-Iow sign-ex- 
tended to 16-bits. disp-high 
is absent 
10 then OISP = disp-high: 
disp-Iow 
000 then EA = (BX) + (SI) + OISP 
001 then EA = (BX) + (01) + OISP 
010 then EA = (BP) + (SI) + OISP 


if mod 
if rim 
if rim 
if rim 


if rim 
011 then EA = (BP) + (01) + OISP 
if rim 
100 then EA = (SI) + OISP 
if rim 
101 then EA = (01) + OISP 
if rim 
110 then EA = (BP) + OISP' 
if rim 
111 then EA = (BX) + OISP 


OISP follows 
2nd byte of instruction 
(before 
data if 
required) 


'except 
if mod = 00 and rim = 
110 then 
EA = 
disp-high: 
disp-Iow. 


EA calculation 
time is 4 clock 
cycles 
for all modes, 
and is included 
in the execution 
times given whenev- 
er appropriate. 


Segment Override Prefix 
I 0 
0 
1 
reg 
1 
0 I 


16-Blt (w = 1) 
000 AX 
001 CX 
010 OX 
011 BX 
1005P 
101 BP 
11051 
111 01 
Segment 
Register 
E5 
C5 
55 
OS 


a·Blt (w = 0) 
OOOAL 
001 CL 
010DL 
011 BL 
100 AH 
101 CH 
110DH 
111 BH 


The physical 
addresses 
of all operands 
addressed 
by the BP register 
are computed 
using the S5 seg- 
ment register. 
The physical 
addresses 
of the desti- 
nation 
operands 
of the 
string 
primitive 
operations 
(those 
addressed 
by the 01 register) 
are computed 
using the ES segment, 
which may not be overridden. 


Deleted drive of X2 with inverted X1. 


Deleted 
paragraph 
concerning 
setup times for 
synchronization 
of multiple processors. 


Added description 
of HLDA when a refresh cycle is 
pending. 
Added description 
of pullup devices for appropriate 
pins. 


Added reminder 
to initialize transfer 
count registers 
and 
pointer registers. 


Added reminder to initialize count registers. 


Refresh address counter 
described 
in figure. 


VIH2 indicated 
for SRDY, ARDY. Icc (max.) now 
indicated 
for all devices. 


Typicallcc 
indicated. 


Input VIH test condition 
at X1 added. TCLDOX,TCVCTV, 
TCVCTX, TCLHAV and TCLLV minimums 
reduced 
from 
5 ns to 3 ns. TCLCH min. and TCHCL min. relaxed by 2 ns. 
Added reminder 
that TSRYCL and TCLSRY must be met. 


New section. 


The sections 
significantly 
revised 
since version 
-001 are: 


LCC Contact 
Diagram 
Corrections 
made to upper address pins. 


Pin Description 
Table 
Various descriptions 
rewritten 
for clarity. 


Interrupt 
Vector Table 
Redrawn for clarity. 


ESC Opcode 
Exception 
Note added concerning 
ESC trap. 


Description 


Oscillator 
Configurations 


RESET Logic 


Local Bus Controller 
and Reset 


DMA Controller 


Timers 


DRAM Refresh Addresses 


D.C. Characteristics 


Power Supply Current 


A.C. Characteristics 


Explanation 
of 
the A.C. Symbols 


Major Cycle Timing Waveforms 


Rise/Fall 
Times and Capacitive 
Derating Curves 


Instruction 
Set Summary 


TDXDLindicated 
in Read Cycle. TCLRO indicated. 


New Figures added. 


inter 
82188 
INTEGRATED BUS CONTROLLER FOR 
8086, 8088, 80186, 80188 PROCESSORS 


• 
Provides Flexibility in System 
Configurations 
- 
Supports 8087 Numerics 
Coprocessor 
in 8 MHz 80186 and 
80188 Systems 
- 
Provides a Low-cost Interface for 
8086, 8088 Systems to an 82586 LAN 
Coprocessor 
or 82730 Text 
Coprocessor 


• 
Facilitates Interface to one or more 
Multimaster 
Busses 


• 
Supports Multiprocessor, 
Local Bus 
Systems 


• 
Allows use of 80186/80188 
High- 
Integration 
Features 


• 
3-State, Command Output Drivers 


• 
Available in EXPRESS 
- 
Standard Temperature 
Range 
- 
Extended Temperature 
Range 


• 
Available in Plastic DIP or Cerdip 
Package 


(See 
Packaging 
Outlines 
and Dimensions. 
Order 
#231369) 


The 82188 
Integrated 
Bus Controller 
(IBC) is a 28-pin HMOS III component 
for use with 80186, 
80188, 
8086 
and 
8088 
systems. 
The 
IBC 
provides 
command 
and 
control 
timing 
signals 
plus 
a 
configurable 
RQ/GT 
- 
HOLD-HLDA 
converter. 
The device 
may be used to interface 
an 8087 
Numerics 
Coprocessor 


with an 80186 
or 80188 
Processor. 
Also, an 82586 
Local Area 
Network 
(LAN) Coprocessor 
or 82730 
Text 
Coprocessor 
may be interfaced 
to an 8086 or 8088 with the IBC. 


SRDY 
ARDY 


OSOI 
vcc 
so 


0511 
so 
51 
SRO 


OSOO 
51 
52 
OSlO 
52 
RD 
RESET 
ALE 
HLDA 
AD 
WR 
HOLD 
WR 


RQ/GTO 
DEN 
RESET 
DEN 
SYSHOLD 
DT/R 
CLK 
DT/R 
SYSHLDA 
AEN 
AEN 
ALE 
RQ/GT1 
ARDY 


CSOUT 
SRDY 
CSIN 
SRO 
vss 
CLK 


231051-1 
CSIN 
CSOUT 


QSOI 
QSOO 
Figure 
1. 
DELAY 
CIRCUIT 
QS10 
QSll 
82188 Pin Configuration 
SYSHOLD 
HOLD 
BUS ARBITRATION 
HLDA 
CIRCUIT 
SYSHLDA 


Figure 
2. 
82188 Block 
Diagram 


inter 


Symbol 
Pin No. 
Type 
Name and Function 


SO 
27 
I 
Status Input Pins 
S1 
26 
SO-S2 
correspond 
to the status pins of the CPU. 
S2 
25 
The 82188 uses the status lines to detect and identify the processor 
bus cycles. The 82188 decodes 
SO-S2 
to generate 
the command 
and 


control 
signals. SO-S2 
are also used to insert 3 wait states into the 
SRO line during the first 256 80186 bus cycles after RESET. A HIGH 
input on all three lines indicates 
that no bus activity is taking place. 


The status input lines contain weak internal 
pull-up devices. 


S2 
S1 
SO 
Bus Cycle Initiated 


0 
0 
0 
interrupt 
acknowledge 
0 
0 
1 
read I/O 
0 
1 
0 
write I/O 
0 
1 
1 
halt 
1 
0 
0 
instruction 
fetch 
1 
, 
0 
1 
read data from memory 


1 
1 
0 
write data to memory 
1 
1 
1 
passive (no bus cycle) 


ClK 
15 
I 
CLOCK 
ClK 
is the clock signal generated 
by the CPU or clock generator 
device. ClK 
edges establish 
when signals are sampled 
and 


generated. 


RESET 
5 
I 
RESET 
RESET is a level triggered 
signal that corresponds 
to the system reset 


signal. The signal initializes 
an internal bus cycle counter, 
thus 


enabling 
the 82188 to insert internally 
generated 
wait states into the 
SRO signal during system initialization. 
The 82188 mode is also 
determined 
during RESET. RD, WR, and DEN are driven HIGH during 


RESET regardless 
of AEN. RESET is active HIGH. 


AEN 
19 
I 
Address 
Enable 
This signal enables the system command 
lines when active. If AEN is 
inactive (HIGH), RD, WR, and DEN will be tri-stated 
and ALE will be 
driven lOW 
(DT /A" will not be effected). 
AEN is an asynchronous 
signal and is active lOW. 


ALE 
24 
0 
Address 
Latch Enable 
This signal is used to strobe an address 
into address 
latches. 
ALE is 
active HIGH and latch should occur on the HIGH to lOW 
transition. 


ALE is intended 
for use with transparent 
D-type latches. 


DEN 
21 
0 
Data Enable 
This signal is used to enable data transceivers 
located on either the 
local or system data bus. The signal is active lOW. 
DEN is tri-stated 
when AEN is inactive. 


DT/R 
20 
0 
Data TRANSMIT IRECEIVE 
This signal establishes 
the direction 
of data flow through the data 
transceivers. 
A HIGH on this line indicates 
TRANSMIT 
(write to I/O or 


memory) and a lOW 
indicates 
RECEIVE (Read from I/O or memory). 


Symbol 
Pin No. 
Type 
Name and Function 


RD 
23 
0 
READ 
This signal instructs 
an I/O or memory device to drive its 
data onto the data bus. The RD signal is similiar to the 
RD signal of the 80186(80188) 
in Non-Queue-Status 
Mode. RD is active LOW and is tri-stated 
when AEN is 
inactive. 


WR 
22 
0 
WRITE 
This signal instructs 
an I/O or memory device to record 
the data presented 
on the data bus. The WR signal is 
similiar to the WR signal of the 80186(80188) 
in Non- 
Queue-Status 
Mode. WR is active LOW and is tri-stated 
when AEN is inactive. 


HOLD 
7 
0 
HOLD 
The HOLD signal is used to request bus control from the 
80186 or 80188. The request can come from either the 
8087 (RQ/GTO) 
or from the third processor 
(SYSHOLD). 
The signal is active HIGH. 


HLDA 
6 
I 
HOLD Acknowledge 
80186 MODE-This 
line serves to translate 
the HLDA 
output of the 80186(80188) 
to the appropriate 
signal of 
the device requesting 
the bus. HLDA going active (HIGH) 
indicates 
that the 80186 has relinquished 
the bus. If the 
requesting 
device is the 8087, HLDA will be translated 
into the grant pulse of the RQ/GTO 
line. If the 
requesting 
device is the optional 
third processor, 
HLDA 
will be routed into the SYSHLDA 
line. 


This pin also determines 
the mode in which the 82188 
will operate. 
if this line is HIGH during the falling edge of 
RESET, the 82188 will enter the 8086 mode. If LOW, the 
82188 will enter the 80186 mode. For 8086 mode, this 
pin should be strapped 
to Vcc. 


RQ/GTO 
8 
I/O 
Request/Grant 
0 
RQ/GTO 
is connected 
to RQ/GTO 
of the 8087 Numeric 
Coprocessor. 
When initiated 
by the 8087, RQ/GTO 
will 
be translated 
to HOLD-HLDA 
to acquire the bus from the 
80186~188). 
This line is bidirectional, 
and is active 
LOW. R 
/GTO 
has a weak internal 
pull-up device to 
prevent erroneous 
request/grant 
signals. 


RQ/GT1 
11 
I/O 
Request/Grant 
1 
80186 Mode-In 
80186 Mode, RQ/GT1 
allows a third 
processor 
to take control 
of the local bus when the 8087 
has bus control. 
For a HOLD-HLDA 
type third processor, 


the 82188's 
'FR:i/<rr1 line should be connected 
to the 
AO/<rr1 
line of the 8087. 


8086 MODE-in 
8086 Mode, RO/crr1 
is connected 
to 
either RC:l/crro 
or 'FR:i/GT1 of the 8086. RC:l/<rr1 
will 
start its request/ grant sequence 
when the SYSHOLD 
line goes active. In 8086 Mode, RC:l/crr1 
is used to gain 
bus control from the 8086 or 8088. 


RO/crr1 
is a bidirectional 
line and is active LOW. This 
line has a weak internal 
pUll-up device to prevent 
erroneous 
request/grant 
signals. 


inter 


Symbol 
Pin No. 
Type 
Name and Function 


SYSHOLD 
9 
I 
System 
Hold 
80186 MODE -SYSHOLD 
serves as a hold input for an 
optional 
third processor 
in an 80186(80188)-8087 
system. 


If the 80186(80188) 
has bus control, 
SYSHOLD 
will be 
routed to HOLD to gain control 
of the bus. If the 8087 has 


bus control, 
SYSHOLD 
will be translated 
to RQ/GT1 
to 
gain control 
of the bus. 


8086 MODE-SYSHOLD 
serves as a hold input for a 
coprocessor 
in an 8086 or 8088 system. SYSHOLD 
is 


translated 
to RQ/GT1 
of the 82188 to allow the 


coprocessor 
to take control 
of the bus. 


SYSHOLD 
may be an asynchronous 
signal. 


SYSHLDA 
10 
0 
System 
Hold Acknowledge 
," 
SYSHLDA 
serves as a hold acknowledge 
line to the 
processor 
or coprocessor 
connected 
to it. The device 
connected 
to the SYSHOLD-SYSHLDA 
lines is allowed 


the bus when SYSHLDA 
goes active (HIGH). 


SRDY 
17 
I' 
Synchronous 
Ready 
The SRDY input serves the same function 
as SRDY of the 


80186(80188). 
The 82188 combines 
SRDY with ARDY to 
. 
form a synchronized 
ready output signal (SRO). SRDY 


must be synchronized 
external to the 82188 and is active 
HIGH. If tied to VCC, SRO will remain active (HIGH) after 
the first 256 80186 cycles following 
RESET. If only ARDY 
is to be used, SRDY should be tied LOW. 


ARDY 
18 
I 
Asynchronous 
Ready 
The ARDY input serves the same function 
as ARDY of the 


80186(80188). 
ARDY may be an asynchronous 
input, and 
is active HIGH. Only the rising edge of ARDY is 
synchronized 
by the 82188. The falling edge must be 
synchronized 
external to the 82188. If connected 
to Vcc, 


SRO wUI remain active (HIGH) after the first 256 80186 
bus cycles following 
RESET. If only SRDY is to be used, 


ARDY should be connected 
LOW. 


SRO 
16 
0 
Synchronous 
READY Output 
SRO provides 
a synchronized 
READY signal which may 


be interfaced 
directly with the SRDY of the 80186(80188) 


and READY of the 8087. The SRO signal is an 
accumulation 
of the synchronized 
ARDY signal, the SRDY 


signal, and the internally 
generated 
wait state signal. 


QSOI 
1 
I 
Queue-Status 
Inputs 
QS11 
2 
OSOI, OS11 are connected 
to the Queue-Status 
lines of 
the 80186(80188) 
to allow synchronization 
of the queue- 


status signals to 8087 timing requirements. 


OSOO 
3 
0 
Queue-Status 
Outputs 
OS10 
4 
OSOO, OS10 
are connected 
to the queue-status 
pins of 


the 8087. The signals produced 
meet 8087 Oueue-Status 
input requirements. 


inter 


Symbol 
Pin No. 
Type 
Name and Function 
, 


CSIN 
13 
I 
Chip-Select 
Input 
CSIN is connected 
to one of the chip-select 
lines of the 
80186(80188). 
CSIN informs the 82188 that a bank select is taking 


place. The 82188 routes this signal to the chip-select 
output 


(CSOUT). CSIN is active LOW. This line is not used when memory 
and I/O device addresses 
are decoded 
external to the 
80186(80188). 


CSOUT 
12 
0 
Chip-Select 
Output 
This signal is used as a chip-select 
line for a bank of memory devices. 


It is active when CSIN is active or when the 8087 has bus control. 
CSOUT is active LOW. 


The 
82188 
Integrated 
Bus Controller 
(IBC) gener- 


ates system 
control 
and command 
signals. The sig- 


nals generated 
are determined 
by the Status Decod- 


ing L~c 
....Ihe bus controller 
logic interprets 
status 


lines SO-S2 
to determine 
what type of bus cycle 
is 


taking 
place. The appropriate 
signals 
are then gen- 


erated by the Command 
and Control 
Signal Genera- 
tors. 


The Address 
Enable (AEN) line allows the command 


and control 
signals to be disabled. 
When AEN is in- 


active (HIGH), the command 
signals and DEN will be 


tri-stated, 
and ALE will be held 
low (DT /R will be 


uneffected). 
AEN inactive will allow other systems 
to 


take control 
of the bus. Control 
and command 
sig- 


nals respond 
to a change 
in the AEN signal within 40 


ns. 


The command 
si~s 
consist 
of RD and WR. The 


82188'5 
RD and WR signals 
are similiar to RD and 


WR of the 80186(80188) 
in the 
non-Queue-Status 


Mode. These 
command 
signals 
do not differentiate 


between 
memory 
and I/O devices. 
RD and WR can 


be conditioned 
by S2 of the 80186(80188) 
to obtain 


separate 
signals for I/O and memory 
devices. 
RD is 


asserted 
during 
INTA 
cycles, 
unlike 
RD 
on 
the 


80186(80188). 


The 
control 
commands 
consist 
of 
Data 
Enable 


(DEN), Data Transmit/Receive 
(DT /R), and Address 


Latch Enable (ALE). The control 
commands 
are sim- 


iliar to those 
generated 
by the 80186(80188). 
DEN 


determines 
when 
the 
external 
bus should 
be en- 
abled 
onto 
the local 
bus. DT/R determines 
the di- 


rection 
of the 
data 
transfer, 
and 
ALE 
determines 


when the address 
should be strobed 
into the latches 


(used 
for 
demultiplexing 
the 
address 
bus). 
DT/R 


does not go to an inactive 
(high) state at the end of 


bus cycles, 
unlike DT/R on the 80186(80188). 


The 82188 
Integrated 
Bus Controller 
(IBC) is config- 


urable. The device has two modes: 80186 Mode and 
8086 Mode. Selecting 
the mode of the device 
con- 


figures 
the 
Bus Arbitration 
Logic 
(see 
BUS ARBI- 


TRA TlON 
section 
for details). 
In 80186 
Mode, 
the 


82188 
IBC may be used as a bus controller/inter- 


face device for an 80186(80188),8087, 
and optional 


third 
processor 
system. 
In 8086 
Mode, 
the 
82188 


IBC may be used as an interface 
device 
allowing 
a 


maximum 
mode 8086(8088) 
to interface 
with a co- 


processor 
that 
uses 
a HOLD-HLDA 
bus exchange 


protocol. 


The 
mode 
of the 82188 
is determined 
during 
RE- 


SET. If the HLDA line is LOW at the falling 
edge of 


RESET (as in the case when tied to the HLDA line of 
the 80186 or 80188), the 82188 will enter into 80186 
Mode. If the HLDA line is HIGH at the falling edge of 
RESET, 
the 82188 
will enter 
8086 
Mode. 
In 8086 


Mode, 
only the 
Bus Arbitration 
Logic 
is used. 
The 


eight 
pins 
used 
in 
8086 
Mode 
are: 
SYSHOLD, 


SYSHLDA,HLDA,CLK,RESET,RQ/GT1,Vcc,and 
Vss. The other pins may b~ left unconnected. 


The Bus Exchange 
Logic interfaces 
up to three sets 


of bus exchange 
signals: 


• 
HOLD-HLDA 


• 
SYSHOLD-SYSHLDA 


• 
RQ/GTO 
(RQ/GT1) 


This logic executes 
translating, 
routing, 
and arbitrat- 


ing functions. 
The logic translates 
HOLD-HLDA 
sig- 


nals 
to 
RQ/GT 
signals 
and 
RQ/GT 
signals 
to 


HOLD-HLDA 
signals. 
The 
logic 
also 
determines 


which 
set of bus exchange 
signals 
are to be inter- 


faced. The mode of the 82188 and the priority of the 
devices 
requesting 
the bus determine 
the routing 
of 


the bus exchange 
signals. 


inter 


In 80186 Mode, a system may have three potential 
bus masters: the 80186 or 80188 CPU, the 8087 
Numerics Coprocessor, and a third processor (such 
as the 82586 LAN or 82730 Text Coprocessor). The 
third processor may have either a HOLD-HLDA or 
RQfGT bus exchange protocol. The possible bus 
exchange signal connections and paths for 80186 
Mode are shown in Figures 3 & 4 and Tables 1 & 2, 
respectively. If no HOLD-HLDA type third processor 
is used, SYSHOLD should be tied LOW to prevent 
an erroneous SYSHOLD signal. In 80186 mode, the 
bus priorities are: 


Highest Priority 
Third Processor 
Second Highest Priority 
8087 
Default Priority 
80186 


- 
THREE-PROCESSOR SYSTEM OPERATION 
(HOLD-HLDA TYPE THIRD PROCESSOR) 


In the configuration shown in Figure 3, the third proc- 
essor requests the bus by sending SYSHOLD HIGH. 
The 82188 will route (and translate if necessary) the 
request to the current bus master. This includes 
routing the request to HOLD if the 80186(80188) is 
the current bus master or routing and translating the 
request to RQfGT1 if the 8087 is in control of the 
bus. The third processor's request is not passed 
through the 8087 if the 80186 is the bus master (see 
Table 1). 


The 8087 requests the bus using RQfGTO. The re- 
quest pulse from the 8087 will be translated and 
routed to HOLD if the 80186 is the bus master. If the 
third processor has control of the bus, the grant 
pulse to the 8087 will be delayed until the third proc- 
essor relinquishes the 
bus (sending SYSHOLD 
LOW). In this case, HOLD will remain HIGH during 
the third processor-to-8087 bus control transfer. The 
80186 will not be granted the bus until both coproc- 
essors have released it. 


Requesting 
Current Bus Master 
Device 
80186 
8087 
3rd Proc 


80186 
nfa 
nfa 
nfa 


8087 
RQfGTO _ 
HOLD 
nfa 
nfa 
HLDA 


SYSHOLD 
HOLD 
SYSHOLD 
__ 
3rd Proc 
--- 
SYSHLDA - 
RQfGT1 
nfa 
SYSHLDA 
HLDA 


80188 
82188 
8087 


HOLD 
HOLD 


RQ/GTO 
RQ/GTO 


HLDA 
HLDA 


3RDpROC 


HLDA 
SYSHLDA 


RQ/GT1 
RQ/GT1 


HOLD 
SYSHOLD 
231051-3 


Figure 3. 
Bus Exchange Signal Connections (80186 Mode) for a Three Local Processor System 
(HOLD·HLDA Type 3rd Proc) 


inter 


Requesting 
Current 
Bus Master 
Device 
80186 
8087 
3rd Proc 


80186 
n/a 
n/a 
n/a 


_ 
_ 
HOLD 
n/a 
n/a 
8087 
RQ/GTO--- 
HLDA 


3rd Proc 
RQ/GT1 
- 
RQ/GTO 
- 
~~~~ 
RQ/GT1 
n/a 


HOLD 
HOLD 


HLDA 
HLDA 


RO/GTO 
RO/GTO 


RO/GT1 
RO/GT1 


~ 


SYSHOLD 


RO/GT1 -He 


Figure 4. 
Bus Exchange 
Signal Connections 
(80186 Mode) for a Three 
Local Processor 
System 
(RQ/GT 
Type 3rd Proc) 


When the bus is requested from the 80186(80188), 
a bus priority decision is made. This decision is 
made when the HLDA line goes active. Upon receipt 
of the HLDA signal, the highest-priority requesting 
device will be acknowledged the bus. For example, if 
the 8087 initially requested the bus, the bus will be 
granted to the third processor if SYSHOLD became 
active before HLDA was received by the 82188. In 
this case, the grant pulse to the 8087 will be delayed 
until the third processor relinquishes the bus. 


- 
THREE-PROCESSOR SYSTEM OPERATION 
(RQ/GT 
TYPE THIRD PROCESSOR) 


In the configuration shown in Figure 4, the third proc- 
essor requests the bus by initia~ 
a request! grant 


sequence with the 8087's RQ/GT1 
line. The 8087 


will grant the bus if it is the current bus master or will 
pass the request on if the 80186 is the current bus 
master (see Table 2). In this configuration, the 
82188's Bus Arbitration Logic translates RQ/GTO to 
HOLD-HLDA. The 8087 provides the bus arbitration 
in this configuration. 


8086 MODE 


The 8086 Mode allows an 8086, 8088 system to 
contain both RQ/GT 
and HOLD-HLDA type coproc- 


essors simultaneously. In 8086 Mode, two possible 
bus masters may be interfaced by the 82188; an 
8086 or 8088 CPU and a coprocessor which uses a 
HOLD-HLDA bus exchange protocol (typically an 
82586 LAN Coprocessor or an 82730 Text Coproc- 
essor). The bus exchange signal connections for 
8086 Mode are shown in Figure 5. Bus arbitration 
signals used in the 8086 Mode are: 


• 
RQ/GT1 
• SYSHOLD 
• SYSHLDA 


In 8086 Mode, no arbitration is necessary since only 
two devices are interfaced. The coprocessor has 
bus 
priority 
over 
the 
8086(8088). 
SYSHOLD- 


SYSHLDA are routed and translated directly to RQI 
GT1. RQ/GT1 
of the 82188 may be tied to either 


RQ/GTO or RQ/GT1 
of the 8086(8088). 


intJ 


RQ/GT1 
RC:i/GT1 


SYSHOLD 
HOLD 
t 
SYSHLDA 
HLDA 
HLDA 


RQ/GTO - 


8087 


'---- RQ/GTO 


The Oueue-Status Delay logic is used to delay the 
queue-status signals from the 80186(80188) to meet 
8087 queue-status timing requirements. OSOI,OS11 
correspond 
to 
the 
queue-status 
lines 
of 
the 
80186(80188). The 82188 delays these signals by 
one clock phase. The delayed signals are interfaced 
to the 8087 queue-status lines by OSOO,OS10. 


The Chip-Select Logic allows the utilization of the 
chip select circuitry of the 80186(80188). Normally, 
this circuitry could not be used in an 80186(80188)- 
8087 system since the 8087 contains no chip select 
circuitry. The Chip-Select Logic contains two exter- 
nal connections~elc~dnlft 
(CSi'N) and Chip- 
Select Output (CSOOi). 
U 
is active when ei- 
ther ~ 
is active or when the 8087 has control of 
the bus. 


By using ~ 
to select memory containing data 
structures, no external decoding is necessary. The 
80186 
may~ 
access to 
this 
memory bank 
through the CSf/\l line while the 8087 will automati- 
cally obtain access when it becomes the bus mas- 
ter. Note that this configuration limits the amount of 
memory accessible by the 8087 to the physical 
memory bank selected by ~. 
Systems where 
the 8087 must access the full 1 Megabyte address 
space must use an external decoding scheme. 


The Ready logic allows two types of Ready signals: 
a Synchronous Ready Signal (SRDY) and an Asyn- 
chronous Ready Signal (ARDY). These signals are 
similiar to SRDY and ARDY of the 80186. Wait 
states will be inserted when both SRDY and ARDY 
are LOW. Inserting wait states allows slower memo- 
ry 
and 
I/O 
devices 
to 
be 
interfaced 
to 
the 
80186(80188)-8087 system. 


ARDY's LOW-to-HIGH transition is synchronized to 
the CPU clock by the 82188. The 82188 samples 
ARDY at the beginning of T2, T3 and Tw until sam- 
pled HIGH. Note that ARDY of the 82188 is sampled 
one phase earlier than ARDY of the 80186. ARDY's 
falling edge must be synchronous to the CPU clock. 
ARDY allows an easy interface with devices that 
emit an asynchronous ready signal. 


The SRDY signal allows direct interface to devices 
that emit a synchronized ready signal. SRDY must 
be synchronized to the CPU clock for both of its 
transitions. SRDY is sampled in the middle of T2, T3 
and 
in 
the 
middle 
of 
each 
Tw. 
An 
82188- 


80186(80188)'s SRDY setup time is 30 ns longer 
than the 80186(80188)'s SRDY setup time. SRDY 
eliminates the half-clock cycle penalty necessary for 
ARDY to be internally sychronized. 


The sychronized ready output (SRO) is the accumu- 
lation of SRDY, ARDY, and the internal wait-state 


generator. SRO should be connected to SRDY of 
the 80186(80188) (with 80186(80188)'s ARDY tied 
LOW), and READY of the 8087. 


SRDY 
ARDY 
SRO 


0 
0 
0 
1 
X 
1 
X 
1 
1 


The internal wait state generator allows for synchro- 
nization between the 80186(80188) and 8087 in 
80186 mode. Upon RESET,the 82188 automatically 
inserts 3 wait-states per 80186(80188) bus cycle, 
overlapped with any externally produced wait-states 
created by ARDY and SRDY. 


Since the 8087 has no provision for internal wait- 
state generation, only externally created wait states 
will be effective. The 82188, upon RESET, will inject 
3 wait states for each of the first 256 80186(80188) 
bus cycles onto the SRO line. This will allow the 
8087 to match the 80186(80188)'s timing. 


The internally-generated wait states are overlapped 
with those produced by the SRDY and ARDY lines. 
Overlapping the injected wait states insures a mini-. 
mum 
of 
three 
wait 
states 
for 
the 
first 
256 


80186(80188) bus cycles after RESET. Systems 
with a greater number of wait states will not be af- 
fected. Internal wait state generation by the 82188 
will stop on the 256th 80186(80188) bus cycle after 
RESET. To maintain sychronization between the 
80186(80188) and 8087, the following conditions 
are necessary: 


• The 
80186(80188)'s 
control 
block 
must 
be 
mapped in I/O space before it is written to or 
read from. 


• All memory chip-select lines must be set to 0 


WAIT STATES, EXTERNAL READY ALSO USED 
within the first 256 80186(80188) bus cycles after 
RESET. 


An equivalent READY logic diagram is shown in 
Figure 6. 


In any 82188 configuration, clock compatibility must 
be considered. Depending on the device, a 50% or a 
33% duty-cycle clock is needed. For example, the 
80186 and 80188 (as well as the 82188, 82586, and 
82730) requires a 50% duty-cycle clock. The 8086, 
8088 and their 'kit' devices' (8087, 8089, 82C88, 
and 8289) clock requirements, on the other hand, 
require a 33% duty-cycle clock signal. The system 
designer must make sure clock requirements of all 
the devices in the system are met. 


Figure 7 demonstrates the usage of the 82188 in 
80186 Mode where it is used to interface an 8087 
into an 80186 system. In this case, the clock require- 
ments of the 8087 are met by specifying the 10 MHz 
(8087-1) device, but clocking the system at a maxi- 
mum rate of 8 MHz. 


Status bit six (S6) from the main processor (8086, 
8088,80186, or 80188) is used by the 8087 to track 
the instruction flow. S6 is multiplexed with address 
bit 19 (A19). If the third processor generates only 16 
bits of address, S6 is not generated. A19/56 must 
be driven high by external circuitry during the status 
portion of bus cycles controlled by the third proces- 
sor. 


Figure 6. Equivalent 82188 READY Circuit 
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•Notice: Stresses above those listed under ':4bso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Temperature 
Under Bias 
O°C to 70°C 


Storage Temperature 
-65°C 
to 150°C 


Case Temperature 
O·C to + 85·C 


Voltage 
on any Pin with 
Respect to GND 
-1.0V 
to 7.0V 


Power Dissipation 
0.7 Watts 
DC CHARACTERISTICS 
(Vee = 5V ± 10%, TA = O·C to 70·C, TeASE = O·C to +85·C) 


Symbol 
Parameter 
Mln 
Max 
Units 
TestCond. 


VIL 
Input Low Voltage 
-0.5 
+0.8 
volts 


VIH 
Input High Voltage 
2.0 
Vee + 0.5 
volts 


VOL 
Output Low Voltage 
0.45 
volts 
IOL = 2 mA 


VOH 
Output High Voltage 
2.4 
volts 
IOH = - 400 /LA 


Ice 
Power Supply Current 
100 
mA 
TA = 25·C 


III 
Input Leakage Current 
±10 
/LA 
OV<VIN<Vee 


ILO 
Output Leakage Current 
±10 
/LA 
0.45 <VOUT<Vee 


VeLi 
CLK Input Low Voltage 
-0.5 
+0.6 
volts 


VeHI 
CLK Input High Voltage 
3.9 
Vee + 1.0 
volts 


CIN 
Input Capacitance 
10 
pF 


CIO 
I/O Capacitance 
20 
pF 


AC CHARACTERISTICS 
(Vee = 5V ± 10%, TA = O·C to 70·C, TeASE = O·C to + 85·C) 


Symbol 
Parameter 
Mln 
Max 
Units 
Notes 


TCLCL 
Clock Period 
125 
500 
ns 


TCLCH 
Clock LOW Time 
%TCLCL-7.5 
ns 


TCHCL 
Clock HIGH Time 
%TCLCL·7.5 
ns 


TARYHCL 
ARDY Active Setup Time 
20 
ns 


TCHARYL 
ARDY Hold Time 
15 
ns 
8 


TARYLCH 
ARDY Inactive Setup Time 
35 
ns 


TSRYHCL 
SRDY Input Setup Time 
65,50 
ns 
1 


TSVCH 
STATUS Active Setup Time 
55 
ns 


TSXCL 
STATUS 
Inactive Setup Time 
50 
ns 


TOIVCL 
OSOI, OS11 Setup Time 
15 
ns 


THAVGV 
HLDA Setup Time 
50 
ns 


TSHVCL 
SYSHOLD 
Asynchronous 
Setup Time 
25 
ns 


TGVCH 
R'Q/Gf Input Setup Time 
0 
ns 
6 


inter 


Symbol 
Parameter 
Mln 
Max 
Units 
Notes 


TSVLH 
STATUS Valid to ALE Delay 
30 
ns 
4 


TCHLL 
ALE Inactive 
Delay 
30 
ns 


TCLML 
RD, WR Active Delay 
10 
70 
ns 


TCLMH 
RD, WR Inactive Delay 
10 
55 
ns 


TSVDTV 
STATUS to DT fR Delay 
30 
ns 
3 


TCLDTV 
DT fR Active Delay 
55 
ns 
3 


TCHDNV 
DEN Active Delay 
10 
55 
ns 


TCHDNX 
DEN Inactive 
Delay 
10 
55 
ns 


TCLOOV 
OSOO, OS10 
Delay 
5 
50 
ns 


TCHHV 
HOLD Delay 
50 
ns 
2,6 


TCLSAV 
SYSHLDA 
Delay 
50 
ns 
6 


TCLGV 
ROfGT 
Output Delay 
40 
ns 
6 


TGVHV 
ROfGTO To HOLD Delay 
50 
ns 
2,6 


TCLLH 
ALE Active Delay 
30 
ns 
4 


TAELCV 
Command 
Enable Delay 
40 
ns 


TAEHCX 
Command 
Disable Delay 
40 
ns 


TCHRO 
SRO Output Delay 
5 
30 
ns 
5,6 


TSRYHRO 
SRDY To SRO Delay 
30 
ns 
5 


TCSICSO 
CSIN To CSOUT Delay 
30 
ns 


TCLCSOV 
CLK Low to CSOUT Delay 
10 
ns 


TCLCSOH 
CLK Low to CSOUT Inactive Delay 
10 
ns 


NOTES 
(applicable 
to both spec 
listing and timing 
diagrams): 


1. TSRYHOL 
= (80186's) 
TSRYCL + 30 ns = 65 ns for 6 MHz operation 
and 50 ns for 8 MHz operation. 
2. Timing 
not tested. 


3. DT /R will be asserted 
to the latest 
of TSVDTV 
& TCLDTV. 
4. ALE will be asserted 
to the latest 
of TSVLH 
& TCLLH. 
5. SRO will be asserted 
to the latest 
of TCHRO 
& TSRYHRO. 


6. CL = 20-100 
pF 


7. Address/Data 
bus shown 
for reference 
only. 


8. The falling 
edge of ARDY 
must be synchronized 
to CLK. 


A.C. TESTING 
INPUT, 
OUTPUT 
WAVEFORM 


INPUT/OUTPUT 
...~ 
".,"",'"---v:;- 


0.45 
- 
1":- 


231051-9 


A.C. Testing: Inputs are driven at 2.4V for a Logic '1' and 0.45V 
for a Logic '0'. 


DEVICE 
UNDER 
TEST 


CL includes Jig Capacitance 
CL ~ 20-200 pF unless otherwise noted 


~CHRO 
__________ 
V_r: 
® JTSRYHRO 


inter 


inter 


CSOUT 
tTCLCSOV 
••• 
FTCLCSOH 


-----11 
. 


231051-15 


AEN 
)__ ~-T_AE_L_C_V----J---i=TAEHCX 
RD,WR 
_ 
DT/R,DIA 


caiN 
~ 
~=-_=~-_=~~=~~~~~~~~~~~_-~~_-~_:: 
:__ 
j'__E_Tc_a_'_C_80 
_ 


inter 


The sections significantly revised since version -004 are: 
Bus Controller 
Added note describing RD during INTA and DT/A compared to the 80186/80188. 
System Considerations 
Use of 82188 with 80186 and 8087-1. all at 8 MHz, is clarified. 


The sections significantly revised since version -002 are: 


AC Characteristics 
TQIVCL (min.) changed from 10 ns to 15 ns. Minimum timings for TCLML. TCLMH. and 
TCHONV changed from 0 ns to 10 ns. TCHONX (min.) changed from 5 ns to 10 ns. 
Minimum timings or TSVOTV, TCLOTV, and TCLLH are no longer indicated (they were 
o ns). TCLCSOV and TCLCSOH added. 


inter 
87C75PF 
MICROCONTROLLER 
PERIPHERAL 1/0 
PORT EXPANDER WITH 32Kx8 EPROM 


• 
2 Configurable 
B-bit I/O Ports 
-Open 
Drain 
- 
Quasi-bi-directional 
-CMOS 


• 
32K x B EPROM 
- 
200nS Access Time 


• 
Quick-Pulse 
Programming TM Algorithm 
- 
4 Second 
Programming 


• 
Configuration 
Registers 
- 
Relocate 
the EPROM In Memory 
- 
Relocate 
the SFRs In Memory 
- 
Programmable 
RESET Level 
- 
Double 
or Single Plane Operation 


The microcontroller 
peripheral 
Port Expander 
contains 
two 8-bit bi-directional 
I/O 
ports, a 32K x 8 EPROM, 
fully 
multiplexed 
address/data 
pins, and a user-configurable 
architecture. 
A microcontroller 
that 
accesses 
external 
memory 
must use two of its 8-bit I/O 
ports for multiplexed 
address/data 
lines. The Port Expander 
recovers 
these two ports while supplying 
needed 
EPROM memory. Considerable 
board space and design time 


can be saved by replacing 
discrete 
memory, port, address-decoder, 
address-latch, 
and glue chips with a single 
Port Expander 
chip. 


• 
No-Glue 
Microcontroller 
Interface 


- 
Programmable 
Memory 
Map 
- 
Programmable 
Control 
Signals 


- 
Built-In Address 
Latches 
-Integrated 
Address 
Decoder 


• 
Special Function 
Registers 
(SFRs) 
- 
Port Latch Read/Write 
- 
Port Pin Read 


• 
Low Power CHMOS-II-E 
- 
TTL Compatible 


• 
40-Pin DIP, 44-Lead 
PLCC 
(See 
Packaging 
Spec., 
Order 
# 231369) 


User-programmable 
options 
allow "no-glue" 
interfacing 
with 8051, 8096, and 80188 
microcontroller 
families. 


EPROM and port addresses 
can be relocated 
within dual-64K-byte 
memory planes. Non-standard-architecture 
microcontrollers 
(68xx, 63xx, Z8xx, etc.) require only minimal 
"glue" 
chips to interface 
with the Port Expander. 


The programmable 
RESET input will conform 
to various 
microcontrollers. 
Its flexible 
architecture 
allows appli- 


cations 
to use multiple 
Port Expander 
chips. 


The device's 
flexibility 
accommodates 
several 
microcontroller 
architectures. 
Its default 
mode is ideal for dual- 
memory-plane 
8051 applications. 
A single plane option conforms 
to 80188, 68xx, and 8-bit-mode 
8096 archi- 
tectures. 
The memory-plane 
overlap 
option allows address-constrained 
systems 
and 8051 systems 
that have 
code compiled 
from high-level 
languages 
to use multiple 
Port Expanders. 


'CHMOS 
is a patented 
process 
of Intel Corporation. 
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cr 
PSEN 
_ 
_ 
_ 
RD 


WR/PGM 
ALE 


Vpp/RST 


Master 
Control 
Circuit 


Intel's 8051-family and the 87C75PF form the most 
versatile, integrated microcontroller combination in 
the industry. No other solution provides a microcon- 
troller, 32K-bytes of EPROM and port expansion in 
only two chips. Also, the 87C75PF takes full advan- 
tage of the 8051's separate program- and data- 
memory planes. The 87C75PF uses all sixteen ad- 
dress/data lines and all of the 8051's control signals 
to access two 64K-byte memory planes. In fact, this 
architecture accommodates two 87C75PFs - 
64K- 
bytes of EPROM and 4 ports - 
still leaving room for 
60K of RAM and other features. 


The 87C75PF's versatility makes possible minimum- 
chip solutions for other microcontroller architec- 
tures, too. Single memory-plane modes are user pro- 
grammable 
for 
no-glue 
interfaces 
to 
8096BH, 
80C196, 8098, and 80188 controllers. 


Programmable memory map options will customize 
the 87C75PF for any application. Intel's 8051 and 
8096 microcontrollers have boot-up locations in the 
lower half of their memory maps. The 87C75PF's 
EPROM defaults to low memory for these control- 
lers. 80188, 68xx, and 63xx microcontrollers use 
high-memory boot-up (code and vector) addresses. 
A 
user 
programmable 
option 
will 
move 
the 
87C75PF's EPROM to the device's high-memory 
addresses. Special Function Registers and port ad- 
dresses can also be moved to any 2K-byte address 
boundary. 


Reset level varies depending on the microcontroller 
family. The 87C75PF's reset (RST) is active-high to 
match the 8051. Other microcontrollers have active- 
low reset. A programmable active-low reset option 
will configure the 87C75PF for these controllers. 


The 87C75PF has two 8-bit I/O ports. Port 1 is 
open-drain and port 2 is quasi-bi-directional. The 
open-drain port can be used for high impedance in- 
puts or "wire-ORed" input/outputs. The quasi-bi-di- 
rectional port can be used as inputs with built-in pull- 
up resistors or as low-current-drive outputs. Alter- 
nate modes allow either port to have active pull-up 
(CMOS) outputs. This output mode provides higher 
current, faster switching, and low power port drive. 


Primary applications are: 1) single-chip microcontrol- 
ler systems that have outgrown the controller's inter- 
nal code-memory and 2) multiple-chip systems that 
need features-integration, such as redesigned appli- 
cations that recover ports with discrete components. 
Typical memory expansion requires EPROM, port 
expander chips, address latches, address decoder 
and glue-logic chips - 
all are incorporated in the 
87C75PF (Figure 1). 


Vpp/RST 
1 


CE 


"15 


"14 


"13 


"12 
"11 


"10 


"9 


"8 


GNo 


"07 


"06 


"05 


"04 


"03 


"02 


"01 


"DO 


PSEN 


Vcc 


WR/PGW 
P1.7 


Symbol 
Pin Number 
Function 
DIP 
PLCC 


VPP/RST 
1 
2 
In operating 
mode, VPP/RST 
is VIL or VIH and serves as the reset 
input. RST is user programmable 
as active-high 
or active-low 
via the 


Control 
Level Register 
(CLR.7). When RST is asserted, 
ports are set 


to inputs in non-CMOS 
mode or 1's in CMOS mode. With RST 


asserted, 
port-writes 
have no affect; 
port-latch-reads 
return "1s". 


VPP is the programming 
supply-voltage 
input. 


CE 
2 
3 
CE, the master device enable input, is active-low. 
When asserted, 


data can be written and read to/from 
the device. 


When CE is not asserted, 
the memory is in standby 
and cannot 
be 
accessed; 
ports cannot 
be accessed 
but maintain their current active 


states. 


A1s-Aa 
3-10 
4-11 
High-order 
addresses 
flow into the device when ALE = VIH and are 


latched when ALE = VIL. 


GND 
11 
12,34 
VSS (Ground) pins. 


AD7-ADo 
12-19 
14-21 
Multiplexed 
low-order 
address/data. 
After ALE latches addresses, 


these pins input or output data depending 
on RD, WR/PGM, 
and 
PSEN. 


PSEN 
20 
22 
This active-low 
pin is the Program Store ENable. EPROM or non- 
volatile registers 
are read if this pin is asserte!L 
If bit ELR.6 is programmed 
("0"), 
PSEN and RD are internally 


combined. 
If either or both of these signals is VIL, EPROM or SFR 
data is accessed 
depending 
on the addre~ 
When VPP is at its programming 
voltage, 
PSEN and RD are internally 


combined, 
as described 
above. This allows a resident 
microcontroller 


to use its READ signal to verify programmed 
data during in-system 
programming. 


P2.0-P2.7 
21-28 
24-31 
8-bit I/O port pins with Quasi-bi-directional 
(internal 
pull-up) outputs. 


All Port 2 pins can be configured 
as CMOS outputs by programming 


Control 
Level Register 
bit CLR.5. 


ALE 
29 
32 
Addresses 
flow through the latches to address decoders 
when ALE = 


VIH. ALE's fallin~ge 
latches all addresses 
independent 
of CEo 


PSEN, RD, and WR/PGM 
are non-functional 
when ALE is VIH. Read 


and write modes are possible 
only when ALE is VIL. 


RD 
30 
33 
During normal operation, 
RD is used to read information 
from the 
SFRs. 
If bit ELR.6 = "0", 
RD and PSEN are internally 
combined 
(see PSEN 


pin description). 
During programming, 
RD and PSEN are internally 
combined 
when 
VPP is at its programming 
voltage. 
This pin's location 
is the same as a 


megabit EPROM's 
GND pin. For compatibi~ 
with PROM 


programmers 
that force this pin to ground, RD becomes 
non- 


functional 
when P1.0 is at VH. 


P1.0-P1.7 
31-38 
35-42 
General purpose 
8-bit open-drain 
I/O port pins. 


When P1.0 is at VH (12V) the Configuration 
Plane can be accessed 


(see the Mode table) and RD is internally 
disabled. 


To prevent device damage, 
Port 1 must be reset, by RST, or have a 
"1" written to P1.0 before VH is applied to P1.0. 
All Port 1 pins can be configured 
as CMOS outputs by programming 
Control 
Level Register CLR.6. 


WR/PGM 
39 
43 
The active-low 
WR/PGM 
is used to write data to the SFRs. During 
programming 
(VPP = 12.75V), the SFRs cannot 
be written, and this 


signal becomes 
the program-pulse 
control 
input. 


VCC 
40 
44 
This pin is the supply voltage 
input. 


EXTENDED 
TEMPERATURE 
(EXPRESS) 
uC PERIPHERAL 


Intel's EXPRESS microcontroller and application- 
specific peripheral families receive additional pro- 
cessing to enhance product characteristics. EX- 
PRESS processing is available for several microcon- 
trollers, EPROMs, and peripheral products allowing 
the appropriate device to match custom system ap- 
plications. EXPRESSdevices are available with 168 
± 8 hour, 125·C dynamic burn-in using Intel's stan- 
dard bias configuration. This process meets or ex- 
ceeds most industry burn-in specifications. The stan- 
dard EXPRESS operating temperature range is O·C 
to + 70·C. EXPRESS extended operating tempera- 
ture range (- 40·C to + 85·C) and automotive tem- 
perature range (- 40·C to + 125·C) products are 
also available. Like all Intel products, the EXPRESS 
family is inspected to 0.1% electrical AQL. This al- 
lows reduction or elimination of incoming testing. 


AUTOMOTIVE 
AND EXPRESS 


PRODUCT 
FAMILY 


Type 
Operating 
Burn-In 12S·C 


Temperature 
eC) 
(hr) 


Q 
O·Cto +70·C 
168 ±8 


T 
-40·C to + 85·C 
NONE 


L 
- 40·C to + 85·C 
168 ±8 


AUTOMOTIVE 
AND EXPRESS 


OPTIONS 


Speed 
Packaging 
Options 


Versions 
CERDIP 
PLCC 


Contact your 
local Intel Sales 
Office for EXPRESS 
product availability 


A~ll___ 
_ __r 


vcc ~ +sv, Vpp/RST 
= +sv, CE = GND, 


RD = +sv, WR/PGM 
= +sv, R ~ 
10K 


inter 


(Vpp= 
TTL i PLO=m) 


rrrrh 
r800h 


(Vpp=m) 


OR 
(Vpp = 12.75 i PSR = Xl h) 


rrrrh 


(Vpp = m 
i PLO = VH) 


OR 


(Vpp = 12.75 i PSR = X2h) 


rrrrh 


OOOOh 


'Nil 
RD 


PSEN 


EPROM 
(DErAULT 
LOCATION) 


CONriGURATION 
PLANE 
290165-4 


The Port Expander contains three memory planes - 
EPROM plane, special function register/RAM 
(or 


SFR/RAM) plane, and the configuration plane. Fig- 
ure 4 shows the three memory planes. 


The EPROM's default location (in an erased device) 
is at the bottom 32K bytes (OOOOhto 7FFFh) of the 
64K-byte EPROM plane. The default location of the 
special function register block is F800h to FFFFh in 
the SFR/RAM plane. Non-volatile registers (NVRs) 
are mapped at addresses 7FFDh through 7FFFh in 
the configuration plane. 


Non-volatile registers are used to program the loca- 
tions of the EPROM, SFR block, and other features 
(see Figure 7). In normal operating mode, the config- 
uration plane cannot be accessed; only the EPROM 
and SFR/RAM 
planes are available. During pro- 


gramming/verification, 
the 
plane select 
register, 
PSR, (SFR default 
location 
F810h) determines 


which plane - 
EPROM or configuration - 
is ac- 


cessed. The EPROM array is programmed/verified if 
PSR contains xxxxxx01b (X1h). The configuration 
plane 
is 
programmed/verified 
if 
PSR contains 


xxxxxx10b (X2h) before Vpp is raised to 12.75V. 


NVRs in the configuration plane are also read if pin 
P1.0 = VH (12V) while Vpp = TIL. 
This allows 


PROM programmers to identify the device, down- 
load its configuration, and program duplicates ac- 
cordingly. 


The Port Expander can operate in several configura- 
tions. The configuration plane's non-volatile regis- 
ters configure the device for microcontroller-archi- 
tecture compatibility. 


8051 
architecture 
accommodates 
two 
64K-byte 


memory planes - 
program-memory and data-mem- 


ory planes. In its default mode (erased) the device is 
configured with these two independently address- 
able planes - 
a perfect companion for the 8051 


family. 


Many other 8-bit microcontrollers (8096BH, 8098, 
Z8xx, 68xx, etc.), and 8051s with code compiled 
from high-level languages, can handle only one 64K- 
byte memory plane. Another mode configures the 
device for single plane operation - 
again, a perfect 


8-bit microcontroller companion device. 


intJ 


FFFFh 
FFm 
SFRs 
F800h 
SFRs 2 
F800h 
FOOOh 


EPROW 


2 


8000h 
8000h 


EPROW 
EPROW 
(OEFAULT) 
1 


10000h 
IOOOOh 


ONE DEVICE 
TWO DEVICES 
TWO PLANES 
TWO PLANES 
(8051. 
80968H. 
80188) 
(8051. 
8096BH. 
80188) 


Often, more than two external ports and greater 
than 32K-bytes of external EPROM are required in 
single-memory-plane applications. Another mode al- 
lows two Port Expanders to supply 60K-bytes of 
EPROM and four 8:bit I/O ports - 
still leaving 4K- 


bytes for other read/write devices. 


The default configuration has two memory planes; 
program (EPROM) and data (SFR/RAM). This con- 
figuration is consistent with the 8051 architecture. 
The EPROM plane is read-only and is accessed by 
PSEN. The SFR/RAM plane is a read/write plane 
that is accessed by the RD and WR/PGM inputs. 
These signals and the sixteen address inputs pro- 
vide two 64K-byte memory-planes. 


Many microcontroller architectures have only one 
64K-byte memory plane. One way to configure the 
device for a single-plane is to simply tie PSEN and 
RD together and connect the combined read signal 
to the system's READ line. 


8051 machine code compiled from high-level lan- 
guages often can't deal with separate program- and 
data-planes. Systems using high-level languages 
usually form one 64K-byte memory plane by combin- 
ing PSEN and RD into a common READ signal (by 
using an AND gate). 


The Port Expander provides a better solution. If the 
EPROM Location Register bit ELR.6 is programmed, 
PSEN and RD are combined internally to form a 
common READ signal. Either of these signals can 
be used to gate data from the EPROM plane and/or 
SFR/RAM plane to the outputs. In effect, this mode 
forms a single 64K-byte memory' plane. For 8051 
high-level-Iangua~tems,~ 
external glue is re- 


qUired to "AND" PSEJIl with RD. The 8051's PSEN 
and RD signals can be connected directly to the Port 
Expander's corresponding inputs. Single-plane, non- 
8051 microcontroller systems need to route their 
READ line to either, or both, PSEN or RD. If only one 
input is used, the other must be tied high. 


Two Port Expanders can fit in a single-memory- 
plane system by programming the configuration 
plane's non-volatile registers. To accomplish this, 
each device must have its SFR block mapped over a 
portion of its EPROM array. The SFR block can be 
placed on any 2K-byte boundary by programming 
the SFRLR. EPROM Location Register bit ELR.7 al- 
lows the EPROM to be moved to high memory or to 
remain in its default low-memory location. Program- 
ming ELR.6, the overlap bit, allows the EPROM 
plane to be mapped over the SFR/RAM plane; this 
also internally combines PSEN and RD. 2K EPROM 
bytes located at the SFR block's base-address are 
disabled and replaced by the 2K-byte SFR block. 


SFRs 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 


EPROW 


8800h~3m:~ 
8000h 
7800h 


_____ 
OO_OO_h~_=_~_ ~_ =_j_lloOOOhL--_ 
•••• 


ONE DEVICE 
TWO DEVICES 


ONE PLANE 
ONE PLANE 


(8051. 
8096BH, 
80188. 
68,,) 
(8D51,8096BH, 


63xx. 68xx) 
290165-5 


inter 


The 
Port 
Expander 
contains 
a 
32,768 
x 
8-bit 
EPROM. 
When 
erased, 
the EPROM 
is located 
be- 
tween 
EPROM 
plane addresses 
OOOOhand 7FFFh. 
This is a common 
boot-up 
address 
range for most 
microcontrollers, 
including 
8051 and 8096 families. 


For microcontrollers 
that 
reset 
in high addresses, 
the EPROM 
can be relocated 
to device 
addresses 
8000h 
through 
FFFFh 
via 
the 
EPROM 
Location 
Register. 
This also allows 
systems 
to use two Port 
Expanders 
- 
one with EPROM 
at low-memory 
and 
the other with EPROM 
relocated 
at high-memory. 


When 
a valid 
address 
is present, 
PSEN 
controls 
EPROM 
access. 
Asserting 
PSEN 
during 
non-valid 
addresses 
places device outputs 
at high impedance. 


SPECIAL 
FUNCTION 
REGISTERS 
(SFRs) 


SFR addresses 
described 
below and in Figure 6 are 
default 
in an erased device. A 2K-byte 
block (default 
locations 
F800h 
through 
FFFFh) 
is 
reserved 
for 
ports, 
plane 
select 
register 
(PSR), 
and future 
fea- 
tures. 
The 
SFR/RAM-block 
base 
address 
can 
change 
depending 
on the SFRLR's 
five most-signifi- 
cant bits (Figure 
10). Only five SFR/RAM-block 
lo- 
cations 
are defined. 
Accessing 
any other addresses 
in this block places the external 
bus in a high imped- 
ance 
state 
allowing 
external 
devices 
to 
occupy 
these 
locations. 


Ports are accessed 
by reading 
or writing 
the SFRs. 
Port 1 and Port 2 latch data is read/written 
by ac- 
cessing 
locations 
F800h and F801 h. F802h through 
F807h 
are reserved 
for future 
port 
latches. 
Port 
1 
and Port 2 pins are read at F808h and F809h. Writ- 
ing to these 
locations 
has no effect. 
F80Ah through 
F80Fh are reserved 
for future 
port-pin 
locations. 


F810h 
is a two-bit 
read/write 
plane 
select 
register 
(PSR). 
During 
program/verify, 
PSR's 
value 
before 
Vpp = 12.75V determines 
whether 
the EPROM- 
or 
configuration-plane 
is accessed. 
If PSR 
contains 
xxxxxx01 b, the 
EPROM 
plane 
is programmed 
and 
verified. 
If PSR 
contains 
xxxxxx10b, 
configuration 
plane 
registers 
will be programmed 
and verified. 
In 
operating 
mode, 
the configuration 
plane 
cannot 
be 
accessed. 
However, 
in the configuration 
read mode 
(P1.0 = VH and Vpp = TIL) 
configuration 
registers 
can 
be read 
(only) 
and 
the 
SFRs 
can 
be written 
(only). 


PSR 


Port 
1 Port 2 
Pins 
Pins 


Port 
1 Port 2 
Latch 
Latch 


NOTE: 
SFRs are shown 
in their default 
locations. 


The configuration 
plane contains 
the inteligent 
Iden- 
tifier™ 
and non-volatile 
registers. 
This plane is read: 


1) if P1.0 = VH (VH = 12V ±1V) 
while Vpp = TIL 
or 


2) if PSR contains 
xxxxxx10b 
while Vpp = 12.75V. 


Inteligent 
Identifier 
codes are at OOOOh(manufactur- 
er) and 0001 h (device). 
NVRs are at 7FFDh 
(CLR), 
7FFEh 
(ELR), and 7FFFh 
(SFRLR). 


NVRs are programmed/verified 
by writing xxxxxx1 Ob 
to PSR before 
Vpp = 12.75V; 
inteligent 
Identifier 
bytes are read-only. 
Figure 
7 shows 
the configura- 
tion plane's 
NVR locations. 
Condition 
1) above 
al- 
lows 
PROM 
programmers 
to 
check 
the 
device's 
configuration 
and 
locate 
the 
SFRs 
and 
EPROM. 
NVRs 
are EPROM 
cells which, 
when 
erased, 
con- 
tain "1s". 


ClR 
ElR 
SFRlR 


~ANUF 
DEVICE 
10 
10 
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Control Level Register (CLR) 


The Control Level Register, CLR (7FFDh), is used to 
change the RST pin's active level and port output 
drive. RST is active-high and CMOS port-drive is dis- 
abled in an erased device. If the reset level bit, 
RSTL (CLR.7), is programmed ("0"), RST is active- 
low. Port 1 and/or Port 2 outputs will be CMOS if 
P1C (CLR.6) and/or P2C (CLR.5) are programmed. 


CLR 
7 
6 
7FFDh 
o 


THESE BITS ARE 


"DON'T CARE" 


CLR. 7 = RESET 
LEVEL 
o = Active·Low 
1 = Active-High 
(Default) 


CLR.6 
= PORT 
1 OUTPUT 
o = CMOS 
Output 
Drive 
1 ~ 
Open 
Drain 
(Default) 


CLR.5 
~ 
PORT 
2 OUTPUT 
o = CMOS 
Output 
Drive 
1 = Quasl-bi-directional 
(Default) 


EPROM Location Register (ELR) 


The EPROM Location Register (ELR) is at 7FFEh. 
The EPROM location bit, EL (ELR.7), places the 
EPROM at either top or bottom EPROM-plane ad- 
dresses. When erased, the EPROM array is at 
OOOOh-7FFFh in the 64K-byte address space. Pro- 
gramming 
ELR.7= "0" 
places 
the 
EPROM 
at 


8000h- FFFFh. 


When 
erased, 
the 
overlap 
option 
is 
disabled. 


EPROM and SFR/RAM blocks are in default loca- 
tions. PSEN accesses EPROM- and RD accesses 
the SFR-data. 


If the OVERLAP bit, OVLP (ELR.6), is programmed, 
EPROM and SFR/RAM planes overlap. PSEN and 
RD are internally combined. If either is VIL, EPROM 
or SFR data is accessed depending on the address. 


If the SFR/RAM block's 2K·byte boundary overlaps 
the EPROM array and ELR.6=0, 
the SFR/RAM 


block replaces 2K EPROM bytes. Accessing non- 
defined bytes in the 2K-byte space places the exter- 
nal bus in a high-Z state. By programming ELR.6, 
one-memory-plane microcontrollers (8096, 80188, 
68xx) and 8051s with high-Ievel-Ianguage-compiled 
code can use two 87C75PFs. 


THESE BITS ARE 


"DON'T CARE" 


ELR.7 = EPROM 
LOCATION 
o = High Memory 
1 = Low 
Memory 
(Default) 


ELR.6 
~ 
SFR/EPROM 
OVERLAP 
o = Overlap 
EPROM IS FRs 
1 ~ 
No Overlap 
(Default) 


SFR Location Register (SFRLR) 


The SFRLR (7FFFh) determines the SFR/RAM 
block's 
five 
most-significant 
base-address 
bits; 


SFRLR.7 = 
A15, SFRLR.6 = 
A14, SFRLR.5 = 


A13, SFRLR.4 = A12, and SFRLR.3 = A11. Pro- 
gramming this register places the SFR/RAM block 
on any 2K-byte boundary. For example, the SFRs 
are placed at 2800h by programming 00101xxxb. 


SFRLR 
7 
7FFFh 
o 


THESE BITS ARE 


"DON'T 
CARE" 


290165-10 


SFRLR.7 
= A15 
SFRLR.6 
~ 
A14 
SFRLR.5 
= A13 


SFRLR.4 
~ 
A'2 
SFRLR.3 
= A" 
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Port 1 has 8 open·drain, 
bi-directional 
pins. Pins float 


if "1s" 
are written 
to latches 
or RST is asserted. 


They can then serve as high impedance 
inputs. 


P1.0 receives 
high voltage 
(VH = 12V) during 
the 


inteligent 
Identifier/NVR 
Mode. 
P1.0 MUST BE RE- 


SET (BY RST OR BY WRITING 
"1" 
TO P1.0) BE- 


FORE APPLYING 
VH. For megabit 
PROM program- 


mer compatibility, 
P1.0 = VH disables 
RD. 


All 
Port 
1 pins 
are 
CMOS 
outputs 
(TTL 
level 
in 


200ns, 
CMOS 
level 
in 1us) if P1C is programmed 


(CLR6 = "0"). 
Asserting 
RST 
or 
writing 
"1 s" 
will 


present 
CMOS VOH levels. CMOS-configured 
Port 1 


pins should 
not be used as inputs. 
Port latch writes 


occur on WR's rising edge to prevent 
glitches 
when 


changing 
individual 
bits; other bits are not affected. 


INTERNAL 
DATA BUS 


WRITE TO 
LATCH 


RESET 


CONTROL 


Port 
2 is an 8-bit 
quasi-bi-directional 
port. 
Writing 


"1 s" asserts 
short-duration 
active 
pull-ups 
to guar- 


antee 
CMOS 
VOH levels 
within 
200ns. 
Port 2 pins 


are held high by internal 
pull-ups 
allowing 
them 
to 


serve 
as inputs. 
Pins pulled 
low externally 
source 


current 
(IIU. Port 2 latches 
are set to "1s" 
upon re- 


set. 


Programming 
P2C (CLR.5 = "0") 
configures 
Port 2 


as CMOS 
outputs. 
Asserting 
RST 
or writing 
"1 s" 
outputs 
CMOS VOH levels. CMOS-configured 
Port 2 


pins should 
not be used as inputs. 
Port latch writes 


occur on WR's rising edge to prevent 
glitches 
when 


changing 
individual 
port 
bits; other 
bits are not af- 


fected. 


INTERNAL 
DATA BUS 


WRITE TO 
LATCH 


RESET 


CONTROL 


PULSED 
PULL-UP 


The 87C75PF 
significantly 
reduces 
chip count 
and 


interfacing 
hardware 
in 
multiplexed 
address/data 


bus systems. 
Figure 
13 shows 
a low power, 
small 


board space, 
minimum 
chip design. The controller's 


multiplexed 
bus (ADo-7) 
is tied 
to the 
87C75PF's 


address/data 
pins. 
Separate 
address 
latches 
and 


address 
decoders 
are 
not 
needed 
because 
the 


87C75PF 
latches 
all sixteen addresses 
and decodes 


internal 
features 
within 
its 
two 
64K-byte 
memory 


planes. 


ALE controls 
the 87C75PF's 
internal 
address 
latch- 


es. A VJJ::L!Q.VJJ.....!ransitio.!!....!?tchesthe 
present 
ad- 


dress. 
PSEN, 
RD, 
and 
WR 
control 
data-flow 
be- 


tween the controller 
and 87C75PF. 
8051, 8096, and 


80188 
families 
benefit 
from 
the 
87C75PF's 
"no- 


glue" 
interface. 


MODE 
CE 
PSEN 
RD 
WR/PGM 
ALE(6) 
Vpp/RST(4) 
VCC 
P1.0(2) 
ADo-7 


Reset 
X(1) 
X 
X 
X 
X 
VIH 
5V 
X(10) 
X 


Read EPROM(12) 
VIL 
VIL 
VIH 
VIH 
VIL 
X 
5V 
X 
DOut 


Read SFR(12) 
VIL 
VIH 
VIL 
VIH 
VIL 
X 
5V 
X 
DOut 


Single Plane Read(8) 
VIL 
VIL orVIL 
VIH 
VIL 
X 
5V 
X 
DOut 


Output Disable 
VIL 
VIH 
VIH 
X 
VIL 
X 
5V 
X 
HighZ 


Write SFR 
VIL 
VIH 
VIH 
VIL 
VIL 
VIL(14) 
5V 
X orVH 
Din 


Write Disable 
VIL 
X 
X 
VIH 
VIL 
X 
5V 
X 
HighZ 


Read/Write 
Disable 
VIL 
X 
X 
X 
VIH 
X 
5V 
X 
HighZ 


Standby 
VIH 
X 
X 
X 
X 
X 
5V 
X 
HighZ 


Program 
VIL 
VIH 
X(11) 
VIL 
VIL 
Vpp(3) 
VCp(3) 
VH(7) 
Din 
EPROMINVR(5) 


EPROMINVR 
Verify(5) 
VIL 
VIL 
X(11) 
VIH 
VIL 
Vpp 
Vcp 
VH 
DOut 


Program Inhibit 
VIH 
X 
X 
X 
X 
Vpp 
Vcp 
X 
HighZ 


Alternate 
Program 
VIL 
VIH 
VIH 
VIL 
VIL 
Vpp 
Vcp 
X 
Din 


Alternate 
Verify(9) 
VIL 
VIL orVIL 
VIH 
VIL 
Vpp 
Vcp 
X 
DOut 


NVR Config Read(13) 
VIL 
VIL 
X 
VIH 
VIL 
X(7) 
5V 
VH 
DOut 


inteligent(13) 
- Manuf 
VIL 
VIL 
X 
VIH 
VIL 
X(7) 
5V 
VH 
89h 
Identifier 
- Device 
VIL 
VIL 
X 
VIH 
VIL 
X(7) 
5V 
VH 
DOh 


NOTES: 
1. X can be VIL or VIH. 
2. VH=12.0V 
±1V. 


3. Vpp= 12.75V and Vcp=6.25v 
during programming. 


4. RST is active-high (erase default shown) or programmable via CLR.7 as active-low. 
5. The EPROM array is programmed/verified if PSR=X1h. The NVR array is programmedlverified if PSR=X2h. NVRs and 
inteligent Identifier can be read when P1.0=VH and Vpp=TTL. 


6. Data cannot be read/written when ALE=VIH. ALE must toggle - 
VIH to VIL- 
to latch addresses. 


7. Reset must occur via Vp~RST or "1" written to P1.0 before P1.0=VH. 
8. If ELR.6=O, PSEN and RD are internally combined. 
9. If Vpp= 12.75V, PSEN and RD are internally combined. If either is VIL, EPROM (PSR=X1h) or NVR (PSR=X2h) data is 
verified. If P1.0= VH, RD is non-functional. If Vpp= TTL and P1.0= VH, only NVRs and inteligent identifier can be read. 
10. RST sets port latches to "1s". After reset, P1.0 (="1") 
is protected when VH is applied. 
11. For programmer compatibility, the 87C75PF's RD is disabled when P1.0 = VH. 
12. PSEN and RD can be asserted simultaneously unless the EPROM and SFRs overlap & ELR.6= 1. 
13. Addresses must be latched during IdentifierlNVR reads. 
14. RST not asserted. 


Table 1 lists 87C75PF operating and programming 
modes. Operating modes require a 5V power supply. 
Programming modes require 12.75V Vpp, 6.25V 
Vcc, and 12.0V ldentifier/NVR-read voltages. All in- 
put levels are TIL or CMOS except Vpp, Vcp, and 
VH· 


RST is an active-high input in an erased device. Pro- 
gramming CLR.7 ("0") makes RST active-low. As- 
serting RST for 500ns sets port latches to "1s". RST 
affects no other writable locations. Before a PROM 
programmer enters the 
inteligent 
IdentifierINVR 
read mode, RST should be asserted (or "1" written 
to P1.0) to set P1.0's pin. This protects P1.0 from 
damage by the 12.0V identifier voltage. 


PSEN enables EPROM data onto ADo-7 and con- 
trols the device's output buffer. This active-low pin 
functions only when CE and ALE are asserted. 
When an address is latched (ALE = Vld, access 
time (tAVDV)equals the CE to output delay (tCLDV). 
Outputs display valid data tELDVafter PSEN's falling 
edge, assuming tAVDVand !cLDVtimes are met. 


RD enables SFR data onto ADo_7 and controls the 
device's output buffer. This active-low pin functions 
only when CE and ALE are VIL. EPROM read mode 
timing requirements apply to this mode. 


This mode allows single-plane microcontrollers and 
8051-family 
controllers 
with 
high-level-Ianguage- 
compiled code to use an 87C75PF without "glue" 
devices. It is possible to assert PSEN and RD simul- 
taneously. Data bus conflict will not occur if the 
SFRs are not memory mapped over EPROM array 
addresses. If SFR and EPROM addresses overlap, 
bus conflict can be avoided if the EPROM location 
register's "Overlap" bit (ELR.6) is programmed. Pro- 
gramming this bit also internally combines PSEN 
and RD. Asserting either (or both) enables EPROM 
or SFR data, depending on the 
address, onto 
ADo-7. See the "Overlapped Single Plane" section 
for details. 


output UIS8Dle Moce 


If PSEN and RD are not asserted, the device's out- 
put buffers (ADo-7) are disabled. Data can be writ- 
ten to the 87C75PF or transferred to/from other de- 
vices. 


WR/PGM enables data on ADo-7 to be written into 
the SFRs. This active-low pin functions only when 
CE and ALE are VIL. When an address is latched 
(ALE = Vld and data has been present for tDVWH, 
WR's rising edge latches data into an SFR. Other 
A.C. timing parameters must be observed. 


SFR data cannot be written when WR/PGM is high. 
Low-address and data share common pins, but the 
device allows new addresses only when ALE is high; 
data can be written only when ALE is low. 


Since the Port Expander uses a multiplexed ad- 
dress/ data bus, data can be read or written only if a 
valid address is latched. To prevent erroneous reads 
or spurious writes of invalid data, PSEN, RD, and 
WR/PGM are non-functional when ALE is high; how- 
ever, new address information can enter the ad- 
dress latches. ALE's falli':!.9.-edge latches the ad- 
dress and enables PSEN, RD, and WR/PGM. 


Standby mode substantially reduces VCC current. 
CE = VIH places output buffers in low-power, !:!!9.!J 
impedance mode independent of PSEN, RD, or WR. 
Two-line output control (CE+PSEN or CE+ RD) 
provides: 
a) minimum memory power dissipation, and 
b) assurance that data bus contention will not occur. 


To efficiently use two-line control, address decoding 
circuitry should enable CEo PSEN should be con- 
nected to the microcontroller's program-store en- 
able (PSEN),RD to the controller's data-read enable 
(RD), and WR/PGM to its write control (WR). This 
assures that only selected memory and peripheral 
devices have active inputs and outputs while non- 
selected devices are in low-power standby mode. 


ilitJ 


EPROM/Configuration 
(NVR) 
Programming 
Mode 


Initially and after each erasure, all EPROM and NVR 
bits are in the "1" state. Data is introduced by selec- 
tively programming "Os" into the desired bit loca- 
tions. Although only "Os" are programmed, the data 
word can contain both "1s" and "Os". Ultraviolet 
light erasure is the only way to change "Os" to "1s". 


The programming mode is entered when Vpp is 
raised to its programming voltage. After latching an 
address, data is programmed by~I~ 
an 8-bit 


word to data pins ADo-7. Pulsing WR/PGM to TIL- 
low while CE and ALE are VILwill program data. TIL 
levels are required for address and data inputs. 


To accommodate PROM programmers that force 
the RD pin to ground (DIP pin 30), applying 12V to 
EQ..,rtpin P1.0 will internally disable the 87C75PF's 
RD input. When Vpp is not at its programming volt- 
age the device is in the inteligent Identifier mode. 
When Vpp is raised for programming, the inteligent 
Identifier mode is disabled. 


With Vpp and Vcc at their programming levels and 
CE asserted, EPROM or configuration data (depend- 
ing on PSR's contents) can be verified. To simplify 
on-board and in-system programming, PSEN and 
RD are internally combined when Vpp is at its pro- 
gramming level. Either signal can be used to verify 
programmed data (if P1.0 is not VH). 


For compatibility with PROM programmers equipped 
for word-wide megabit EPROMs, DIP-pin 30 - 
the 


87C75PF's RD pin - 
is internally disabled when 


P1.0 is VH. 


Program Inhibit 


The Program Inhibit mode allows parallel program- 
ming and verification of multiple devices with differ- 
ent data. With Vpp at its programming voltage, a 


WE/PGM pulse programs any device that has CE 
asserted. Programming is inhibited on any device 
with CE not asserted. 


Alternate 
Programming 
and 
Verification 
Modes 


For programmers that can apply VIH or Vcc to RD, 
the EPROM and NVRs can be programmed using a 
more conventional slow-motion write-mode-type al- 
gorithm. 12V need not be applied to P1.0 to disable 
the RD pin during the alternate programming mode. 
PSEN and RD are internally combined when Vpp is 
applied, and either signal can be used to enable 
EPROM or NVR data during program verification. 
See the Quick-Pulse Programming algorithm flow- 
chart and waveforms at the end of this data sheet. 


Programming equipment determines the device's 
manufacturer, type, and configuration (NVR con- 
tents) by using the inteligent Identifier/NVR Mode. A 
programmer can read a master device's identifier 
and NVRs, select the proper algorithm, and program 
duplicates accordingly. 


The configuration plane is accessed by raising port 
pin P1.0 to VH = 12.0V. Before P1.0 is brought to 
VH, Port 1 must be reset by asserting the Vpp/RST 
pin or by writing a "1" to P1.0's latch. When ALE 
latches a valid address and PSEN is VIL, identifier/ 
NVR data appears on Address/Data pins ADo-7. 
For compatibility with programmers that support me- 
gabit EPROMs, RD, which is usually forced to 
ground, is "don't-care" when P1.0 = VH. When CE, 
ALE, and PSEN are VIL and P1.0 = VH, identifier/ 
NVR data can be read. While in this mode, the SFR/ 
RAM plane cannot be read but can be written. The 
PSR register can be configured so that either the 
EPROM or configuration plane is programmed when 
Vpp is raised. This mode's temperature range is 
25°C + 5°C. 
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Read Operating 
Temperature 
O·C to + 70·C(2) 


Case Temperature 
Under Bias .. -1 O·C to +80·C(2) 


Storage Temperature 
- 65·C to + 150·C 


All Input or Output Voltages 
-2.0Vto 
+7.0V(1) 
with Respect 
to Ground 


Voltage 
on Pin P1.0 
-2.0V 
to + 13.5V(1) 
with Respect 
to Ground 


Vpp Supply Voltage 
- 2.0V to + 14.0V(1) 
with Respect 
to Ground 


Vee Supply Voltage 
+ 2.0V to + 7.0V(1) 
with Respect 
to Ground 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE Specifications contained within the 
following tables are subject to change. 


Symbol 
Parameter 
Notes 
Mln 
Max 
Units 
Test Conditions 


III 
Input Load Current (A8-15) 
1.0 
p.A 
VIN = OV to Vee 


'La 
Output Leakage Current (ADo-7) 
10 
p.A 
VOUT = OV to Vee 


158 
Vee Current Standby 
6 
5 
mA 
CE- inactive, ALE = VIL 


Ice 


Vee Current Active 
4 
60 
mA 
CE-active, 
ALE = VIH 


f(Hz) = 1/tAVDV, lOUT= 0 mA 


VIL 
Input Low Voltage 
1 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vee+0.5V 
V 


VOL 
Output 
Low Voltage 
0.45 
V 
10L = 2.1 mA 


VOH 
Output High Voltage 
1 
2.4 
V 
10H = -400 
p.A 


105 
Output Short Circuit Current 
5 
100 
mA 


inter 


Symbol 
Parameter 
Notes 
Mln 
Max 
Units 
Test Conditions 


III 
Input Load Current (A8-15) 
1.0 
p.A 
VIN = OV to Vcc 


ILO 
Output Leakage Current (ADo-7) 
10 
p.A 
VOUT = OV to Vcc 


ISB 
Vcc Current Standby 
6 
5 
mA 
CE·inactive, 
ALE = VIL 


Icc 


Vcc Current Active 
3 
45 
mA 
CE·active, 
ALE = VIH 


4 
f(Hz) = 1/tAVDV,IOUT=0 
mA 


IvIL 
Input Low Voltage 
1 
-0.2 
0.8 
V 


IvIH 
Input High Voltage 
0.7 Vcc 
Vcc+0.2V 
V 


IvOL 
Output 
Low Voltage 
0.40 
V 
10L = 2.1 mA 


1v0H 
Output 
High Voltage 
1 
Vcc-0.8 
V 
10H = 
-400 
p.A 


los 
Output Short Circuit Current 
5 
100 
mA 


NOTES: 
1. Minimum DC input voltage is -0.5V 
during transitions. Inputs may undershoot to -2.0V 
for periods less than 20 ns. 


Maximum output-pin DC voltage is Vcc+0.5V; 
overshoot may be Vcc+2.OV for periods less than 20 ns. 
2. This specification defines commercial-product operating temperatures. EXPRESS and Automotive versions are available 
as noted. 
3. CE is Vcc±0.2V 
(87C75PF inactive) or ±0.2V (87C75PF active). Other inputs can have any value within specification. 


4. Maximum current value with outputs unloaded. 
5. One output shorted for no more than one second. los is sampled but not 100% tested. 
6. Port latches set to "1s"; outputs unloaded. 


Symbol 
Parameter 
Notes 
Min 
Max 
Units 
Test Conditions 


III 


Input Leakage Current 
1 
10 
p.A 
O.4V ~ VIN ~ Vcc 
Port 1 Open Drain 


IlL 
Logic 0 current 
Port 2 
2 
-50 
p.A 
P2.x latch = "1", 
VIN=OV 


(Quasi-bi-directional) 


Ports 1&2 
-0.5 
0.2Vcc-0.1 
V 


VIL 
Input Low Voltage 
RST Input 
3 
-0.5 
0.2Vcc-0.1 
V 


Ports 1&2 
0.2Vcc+·9 
Vcc+0.5 
V 


VIH 
Input High Voltage 
RST Input 
3 
0.7Vcc 
Vcc+0.5 
V 


VOL 
Output 
Low Voltage 
0.40 
V 
10L = 3.2 mA 


CMOS mode 
2.4 
V 
IOH = 
-400p.A 


Ports 1&2 
0.9Vcc 
V 
10H = 
-40 
p.A 
VOH 
Output 
High Voltage 
Quasi-bi· 
2.4 
V 
10H = 
-60p.A 


dir Port 2 
0.9Vcc 
V 
10H = 
-10 
p.A 


NOTES: 
1. Input Leakage current does not apply to Port 2. 
2. This specification assumes that Port 2 pins are internally driven to "1" but are externally pUlled low 
3. RST has hysteresis. VIL is valid at or below 0.2 Vcc - 
0.1V. VIH is valid at or above 0.7 Vcc. 


Symbol 
Parameter 
Max 
Units 
Conditions 


CIN 
Address/Control 
Capacitance 
6 
pF 
VIN = OV 


COUT 
Output Capacitance 
12 
pF 
VOUT = OV 


Cvpp 
RSTIVPP Capacitance 
25 
pF 
VIN = OV 


CliO 
Port Pin Capacitance 
10 
pF 
VOUT = OV 


NOTE: 
1. Sampled. 
Not 100% 
tested. 


V 
1H 
VOH 


OUTPUT 


VOL 


290165-14 
A.C. test inputs 
are driven 
at VOH (2.4 VTTLl for a logic 
"1" 
and VOL (0.45 VTTLl for a logic "0". 
Input timing 
begins 
at 1.5V. 


Output 
timing 
ends 
at 
VIH 
(2.0 
VTTLl 
and 
VIL 
(0.8 VTTLl. 
Input Rise and Fall Times 
(10% 
to 90%) 
,,; 10 ns. 


VOH 


INPUT 


VOL 


DEVICE 
UNDER 
TEST 


CL = 100 pF 
CL Includes 
Jig Capacitance 


V1H 
CE 
V1L 


V1H 


AS-15 
V 
IL 


V1H 
ADo_7 
V1L 


V1H 
ALE 
V1L 


V1H 
PSEN.Ri5 
V1L 


V1H 
WR 
V1L 


V1H 
PORT PIN 
V1L 


RST V1H ._- •• ~-- 
-:: 
----- 
---------- 
-------- 
- ------- 
------- 
- ----- 
- -------. 
V 
1L ~~~~E.: 
..~ 
_ 


intJ 


Each timing 
symbol 
has five characters. 
The first is 
always 
a "t" 
(for time). 
Second 
and fourth 
charac- 
ters 
represent 
signal 
names. 
Third 
and fifth 
repre- 
sent 
the 
signal's 
logical 
state. 
The 
following 
list 
shows 
character 
representations. 


A: 
Address 
C: 
Chip Enable or VCC Supply Voltage 
0: 
Data (or instruction) 
E: 
PSEN or RD Enable 
G: 
PGM (Program 
Strobe) 
H: 
Logic High level 


L: 
ALE or Latch Enable 
P: 
VPP Programming 
Voltage 
Q: 
Port Output 
S: 
RST (Reset 
Pin) 
T: 
Time 
V: 
Valid 
W: 
Write Enable 
X: 
No longer a valid "driven" 
logic level 
Z: 
Float or High-Z 
level 


For example, 
tAVLL = Time from Address 
Valid to ALE Low 
!J..w=L= 
Time form 
ALE 
Low to Enable 
(PSEN 
or 
RD) Low 


Parameter 
Versions 
Vcc±5% 
87C75PF-200V05 
87C75PF·250V05 
Unit 
No 
Symbol 
Characteristic 
Notes 
Mln 
Max 
Mln 
Max 


1 tLHLL 
ALE Pulse Width 
50 
50 
ns 


2 
tAVLL 
Address 
Valid to ALE Low 
7 
15 
ns 


3 
tLLAX 
Address 
Hold after ALE Low 
20 
30 
ns 


4 
tLLEL 
ALE Low to PSEN or RD Low 
20 
30 
ns 


5 
tLHDV 
ALE High to Valid Data 
235 
305 
ns 


6 
tAVDV 
Address 
Valid to Data Valid 
3 
200 
250 
ns 


7 
tCLDV 
CE Active to Data Valid 
1,3 
200 
250 
ns 


8 
tELDV 
PSEN or RD Low to Data Valid 
2,3 
75 
100 
ns 


9 
tEHDX 
PSEN, RD, CE, or Address 
Invalid - 
0 
0 
ns 
Whichever 
is first - 
to Data Invalid 


10 
tEHDZ 
PSEN or RD High to Data High-Z 
4 
35 
45 
ns 


11 
tLLWL 
ALE Low to WR Low 
20 
30 
ns 


12 
tWLWH 
WR Pulse Width 
60 
80 
ns 


13 
tWHLH 
WR High to ALE High 
20 
30 
ns 


14 tAVWH 
Address 
Valid to WR High 
200 
250 
ns 


15 
tCVWH 
CE Active to WR High 
200 
250 
ns 


16 
tDVWH 
Data Valid to WR High 
60 
80 
ns 


17 
tWHDX 
WR High to Data Invalid 
10 
20 
ns 


18 
taVEL 
Port Input Valid to RD Low 
15 
25 
ns 


19 
tEHQX 
Data Hold after RD High 
0 
0 
ns 


20 
tWHQV 
WR High to Port Output Valid 
225 
250 
ns 


21 
tsvsx 
RST Pulse Width 
500 
500 
ns 


22 
tSXAV 
RST Inactive to Address 
Valid 
0 
0 
ns 


NOTES: 
1. tCLOV is 1 J.Ls during 
inteligent 
Identifier/NVR 
Mode. 
2. tELOV is 750 ns during 
inteligent 
Identifier/NVR 
Mode. 


3. Output 
load is 100 pF for tAVOV, !cLOV, and tELOV· 
4. Output 
Load is 5 pF for tEHOZ, which 
is measured 
at high·Z 
± 500 mY. 


9-307 


inter 


Caution: Exceeding 
14Von Vpp will permanently 


damage the device. 


Program and Data Planes 


During programming (Vpp = 12.75V),the SFR/RAM 
plane is not available, only the EPROM and configu- 
ration planes (depending on PSR's value) can be 
accessed. The SFR/RAM plane is accessed only 
when Vpp is VIL or VIH. 


Programming 
the EPROM Plane 


The EPROM array is programmed if the plane select 
register (PSR) contains xxxxxx01b (X1h) when Vpp 
is raised to 12.75V. In an erased device, the EPROM 
array occupies addresses OOOOhthrough 7FFFh and 
is programmed at these locations. After program- 
ming, the array can be relocated to addresses 
8000h-FFFFh by programming the EPROM location 
register bit ELR.7 (EL) in the configuration plane. Al- 
ternately, the EPROM array can be relocated first 
via ELR.7 and programmed at addresses 8000h- 
FFFFh. 


Programming 
the Configuration 
Plane 


The configuration plane contains five information 
bytes. Addresses OOOOhand 0001h contain read- 
only inteligent identifiers. The control level register, 
EPROM location register, and SFR location register 
are at 7FFDh, 7FFEh, and 7FFFh. These latter three 
non-volatile registers (NVRs) are made of EPROM 
cells. EPROM registers allow the device to be con- 
figured, or erased and reconfigured, for various mi- 
crocontroller architectures. 


These registers are programmed if the plane select 
register (PSR) contains xxxxxx10b (X2h) when Vpp 
is raised to 12.75V. Once this plane is entered, it is 
programmed and verified just like the EPROM plane. 


ERASURE 
CHARACTERISTICS 
(FOR 


CERAMIC, 
WINDOWED 
EPROMS) 


Exposure to light of wavelength shorter than 4000 
Angstroms (A) begins erasure. Sunlight and some 
fluorescent lamps have wavelengths in the 3000- 
4000A range. Constant exposure to room-level fluo- 
rescent light can erase an EPROM in about 3 years 
(about 1 week for direct sunlight). Opaque labels 
over the window will prevent unintentional erasure 
under these lighting conditions. 


The recommended erasure procedure is exposure 
to 2537A ultraviolet light. The minimum integrated 
Erasure time using a 12000 uWIcm2 ultraviolet lamp 
is approximately 15 to 20 minutes. The EPROM 
should be placed about 1 inch from the lamp. The 
maximum integrated dose is 7258 Wsec/cm2 
(1 


week· 
12000 uW/cm2). 
High intensity UV light ex- 


posure for longer periods can cause permanent 
damage. 


QUICK-PULSE 
PROGRAMMINGTM 
ALGORITHM 


The Quick-Pulse Programming algorithm programs 
Intel's 87C75PF Port Expander. Developed to sub- 
stantially reduce production programming through- 
put time, this algorithm allows optimized program- 
ming equipment to program an 87C75PF in under 
four seconds. Actual programming time depends on 
the PROM programmer used. 


The Quick-Pulse Programming algorithm uses a 100 
microsecond initial-pulse followed by a byte verifica- 
tion to determine when the addressed byte is cor- 
rectly programmed. The algorithm terminates if 25 
100us pulses fail to program a byte. Figure 14 shows 
the 87C75PF Quick-Pulse Programming algorithm 
flowchart. 


The entire program-pulse/byte-verify and final verify 
sequence is performed with Vcc = 6.25V and Vpp 
= 12.75V. When programming is complete, all bytes 
should be compared to the original data with Vcc = 
5.0V. 


inter 


290165-17 
·Pl.0 
= 12V is used to intrnally 
disable 
the devices 
RD input for PROM programmers 
that ground 
this pin. 


Figure 14. 87C75PF 
Quick-Pulse 
Programmlng™ 
Algorithm 


Symbol 
Parameter 
Notes 
Mln 
Nominal 
Max 
Units 
Test Conditions 


III 
Input Load Current 
1.0 
p.A 
VIN = VIL or VIH 


ICC2 
VCC Supply Current 
2 
60 
mA 
CE = ALE = VIL 


Ipp 
Vpp Supply Current 
2 
50 
mA 
CE = WA = ALE = VIL 


VIL 
Input Low Voltage 
-0.2 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vcc+0.5V 
V 


VOL 
Verify Output Low Voltage 
0.40 
V 
IOL = 2.1 mA 


VOH 
Verify Output High Voltage 
Vcc-0.8 
V 
IOH = - 400 p.A 


VID 
P1.0 Identifier /Configuration- 
11.0 
12.0 
13.0 
V 
Aead Voltage 


Vpp 
Programming 
Voltage 
1 
12.5 
12.75 
13.0 
V 


Vcc 
Supply Voltage 
During 
1 
6.0 
6.25 
6.5 
V 
Programming 


NOTES: 
1. Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 
2. Maximum current value is with Address/Data pins ADo_7 in write mode; port pins are unloaded. 


Parameter 
Limits 


No 
Symbol 
Characteristic 
Mln 
Nominal 
Max 
Units 
~ 


A 
tLHLL 
ALE Pulse Width 
•. 
100 
ns 


B 
tAVLL 
Address 
Valid to ALE Low 
20 
ns 


C 
tLLAX 
Address 
Hold after ALE Low 
.I, 
50 
ns 


D 
tDVGL 
Data valid to WA/PGM 
Low 


~'" 
2 
p.s 


E 
tCHGL 
Vcc Setup Time to WA/PGM 
Low 
2 
p.s 


F 
tLLGL 
ALE to WA/PGM 
2 
p's 


G 
tpHGL 
Vpp Setup Time to WA/PGM 
Low 
2 
p's 


H 
tGLGH 
WA/PGM 
Program Pulse Width 
. 
95 
100 
105 
p.s 


I 
tGHDX 
Data Hold after WA/PGM 
High 
2 
p.s 


J 
tDXEL 
Data In Float to PSEN or AD Low 
2 
p.s 


K 
tELEH 
PSEN or AD Verify Pulse Width 
150 
ns 


L 
tEHLH 
PSEN or AD High to ALE High 
0 
ns 


M 
tEHDZ 
PSEN or AD High to Instruction/Data 
High-Z 
0 
35 
ns 


INTELIGENT 
_POWER-UP 
_ 
_ 
IDENTIFIER/ 


'" 
RESET 
CONrlGURATlON- 
READ 


WRITE TO "PSR" 
SELECT 
EPROM 


OR 
CONFIGURATION 
PLANE 


BLANK-CHECK 
'" 
ILLEGAL 
BIT CHECK 
(Optional) 


"1" 
MARGIN 
VERIFY 
(Optional) 


WR/PGM 


VOL 


ALE 
vlH 


VOL 


PORTHU) 
vlH 


VOL 


inter 
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~~ ~ ~ 
;' 


8 
:t 
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:1 
I~ 
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~ 
:I 
I~ 


-' 
> 
t;; 
I~ 
'" 
0 
"- 
'" 
'" 
.. 
I~ 
) 
> 
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i 
'"N 
•... 
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.. 
0 
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.. 


NOTES: 
1. When Vpp = Programming Voltage. either PSEN or RD will access EPROM (if PSR 
x1h) or Configuraton (if PSR 
= x2h) Planes and inteligent Identifier mode is disabled. 
2. RD is Don't-care when P1.0 = VH. 
3. Port 1 must be RESET or "1" written to Pl.0 before VH is applied to Pl.0. All other Port 1 and Port 2 pins should be 
driven at High-Z or VIH during programming. 


80186 Development 
Support Tools 
10 


~1Rl~lLm~WINI~[RN' 
8086/80186 
SOFTWARE DEVELOPMENT 
PACKAGES 
I 


COMPaI'E 
SOITWARE 
DEJ'EUJPMENI' 
SIlPPORI' 
I'OR I'HE 
BOBBIBO.BBFAIfII£1' 
OF IfIICROPIlOt:ESSORS 


Intel supports application development for the 8086180186 family of microprocessol'8 (8086. 8088. 
80186. 80188 and real mode 80286 and 80386 designs) with a complete set of development 
languages and utlilties. These tools Include a macro assembler and compilers for C. PI1M. FORTRAN 
and Pascal. A linker/relocator program. library manager. numerics support libraries. and object-to- 
hex utility are also available. Intel software tools generate fast and etTieientcode. They are designed 
to give maximum control over the processor. Most importantly. they are designed to get your 
application up and running in an embedded system fast and with maximum design productivity. 


• 
Locator for generating programs with 
absolute addresses for execution from ROM 
based systems 
• AEDIT Source Codeand text editor 
• Library manager for creating and 
maintaining software object module libraries 
• Complete numeric support libraries for use 


with the 8087 or 8OC187.including a 
software emulator for true emulation of the 
8087 in applications where the 8087 is not 
available 
• Object-to-hex conversion utility for burning 
code into (I<:)PROMS 
• Hosted on IBM PCXT/AT· or compatibles 
running DOS.DEC VAX· or MicroVAX. 
systems running VMS. and Intel Systems 
8613XXor 286/3XX running iRMX~ 
Operating System 


• Macro assembler for speed-eritical code 
• NEW Windowed.interactive source level 
debugger Works with all Intel languages to 
speed functional debog of code 
• ANSI Compatible 1G-86package for 
structured C programming. with many 
processor specific extensions 
• PUM compiler for reliable. easy-to-maintain 
high-level language programs with support 
for many low-level hardware functions 
• FORTRANfor ANSI-eompatible programming 
of numeric intensive applications 
• Pascal for developing modular. portable 
applications that are easy to maintain 
• Linker program for linking modules 
generated by Intel compilers and assemblers 
into relocatable object modules and direct 
enter 
creation of files that can be executed on the 
I 
DOShost 
------------------------------ 
l*l 
Cotpor8tiOO 
assumes 
no l'eSPOMibility 
for Lhe UlIe cI all)' dtcuf\ry 
oUlcr 
than drcu •.•.y embudicld 
in an Inltl product 
No other drcuil 
pat.ent lloenses 
are 


Implied. 
Inronnation 
corM.aJned 
herein supenodes 
prevlou8ly 
pubtished 
spedt!caUOlll 
on these devices from. lreel and is subjea. 
LOchan,e 
wl\holl. 
tlOUoe. 
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.4SM-86 
M.4CRO .4SSEMBLEIl 


ASM-86 is the macro assembler for the 8086180186 family 
of components. It is used to translate symbolic assembly 
language source into relocatable object code where.utmost 
speed_small code size and hardware control are Critical. 
Inters exclusive macro facility in ASM-86 saves development 
and maintenance Lime.since common code sequences need 
only be developed once. The aS~lIJlJle,.·ssimplilied 
instruction set rcdur.ffi the number of mnemonics that thc 
programmer needs to remember. This assembler also saves 
development time by performing rxtensive checks on . 
consi~tent usage of variables and labels. Inconsistencies are 
detected when the program is assembled. before linking or 
debugging is started. 


NEW FOil '989: SOIJIlCE LEJlE£ 
DEBIJGGEIl 


DB-86 is an on-host soltware execution cnvrionment with 
source level debug capabilities for object modules produced 
by iC-86_ASM-86. PUM-86. Pascal-86 and FORTRAN-86.I~~ 
powerful_source-oriented interface allows usel'Sto focus 
their efforts on linding bugs rather than spending Lime 
learning and manipulating the debug environment. 


• Ea8e.r 
lea •.•I••. 
Drop-down menus make the tool 


easy to learn for new ur casual users. A command line 
interface is also provided for more complex problems. 


• t:•••• 
Ilh'e tldta•• 
edelI. 
Watch windows. 
conditional breakpoints (breakpoints triggered by 
program conditions). trace points. and fixed and 
temporary breakpoints can be set and modilied as 
needed. 
• see •••• your ••.•••. _. 
Yuucan browse source 
and call stack. observe processor registers. output 
screen. and watch window variables accessed by either 
the pull down menu or by a single keystroke using 
function keys. 


• fIIU lIe_•• lly.lIollaJ 
f.r ••••• 
_ 
••.•••_d't'lty. The user need not know whdher a 
variable is an unsigned integer. a real. or a structure; the 
debugger utilizes tbe Ive8lth of variablc typing 
infonnaLion available in Intel languages to display 
program variables in their respective type fonnats. 


• 8..,...-t fer eftriaN •••.•••.•_ 
••• tile 
-me c:.pl'OClftlller. 


IC-86 
SOITW.4IlE 
r.4CK4GE 


Inters ie-86 brings the full p<JIverof the C programming 
language to 8086. 8088. 80186 and 80l88-based 
microprocessor systems. It can also be used to develop real 
mode programs for execution on the 80286 or 80386. iC·B6 
has been developed specilically for embedded 
microprocessor·based applications. ie-B6 meets the draft 
proposed ANSI C standard. Key features of the iC·B6 
compiler include: 


• R•••• ly O.d.tUlll. ~'our levels of optimization are 


available. Important optimization fe.aturesInclUdea lump 
optimizer and improved register manipulation via re,gistcr 
history. 


• IlOMlIItie fAlIe •• 
1.Anute8. 
The ie-B6 
complier produces ROMablecode which can be leaded 
directly into embedded target systems. Libraries are also 
completely ROMable.retargetable and reentrant. 


• SIqItIert8 s.an. 1'IeIU_. e-1NId. 
_. 
lar8t:_ery 
~tIea 
••••. 
• Sy••••• o. 
Thr iC-B6compiler boosts programming 
productivity lJy providing extensive debug information. 
inchlding type information and symbols. The symbolics 
information can br usrd to debug using Intel ICEm 
emulators and the new DB-B6Source level debugger. 


• Ballt"'. f_c:tIeaIl. 
iC-B6is loaded with built-in 
functions. Tbe nags register. 110ports. interrupts. and 
numerics chip can be controlled directly. without the need 
for assembly language coding. Youspend more of your 
productive timr programming in C and less with 
A=mbler. 
Ruilt·in functions also improve compile-time 


and run-time performance since the compiler generates 
in-line code instructions instr.ad of function r.alls to 
assembly instructions. 
• Sta •• n la •••• 
8t:. 'iC-B6 conforms to the 1988 
Dralt Proposed ANSI standard fur the C language. iC-86 
rode iRfully linkable with other modules written In other 
Intel B0861186langua/,'CS.allowing programmers to usr 
the optimal language for any task_ 


rVM-86 
SOITW.4JlE 
I"JIC".46E 


PUM-B6 is a high-level programming language designed to 
support the soltware requirements of advanced 16-hlt 
microprocessors. PUM-B6 provides the productivity 
advantages of a high-level language while providing the low- 
level hardwart: aoccssfeatures of assembly language. Key 
.feature.~of PUM-B6 include: 


• Strac:t.~ 
PI'OP'_.t ••. PUM·B6 supports 


modular and structured programming. making programs 
easirr to understand. maintain and debug. 
• B.llt-I. '-dIeII1l. PUM-B6 includes an r.xtensive 


list of functions. including TYPE CONVERSIONfunctions . 
STRING manipulations. and functions for interrogating 
BOB6/1B6hardware nags. 


• •• ternqIt IIaHUq. Thr INTERRUPTattribute 
allows you to define interrupt handling procedures. The 
rom pileI' generates code to save and restore all registers 
for INTERRUPTprocedures. 


• (;eaIllller ooat...a •. Compile-time options Increase 


the nexibility of the PUM-86 compiler. They include: 
optimization. rondltional compilation. the inclusion of 
common PUM source liIes from disk. cross-referenceof 
symbols. and optional assembly language code in the 
listing file. 


• O.ta 
tYIlle8. PU\1-86 supports sevendata types. 


allowing the compilcr to perform three different kinds of 
arithmetic: signed. unsigned and neating point. 


• laa ••• 8t: c:.••• ~II.y. 
PUM·B6 object modules 


are compatible with all other object modules generated 
by Intel 80861186 languages. 


I'OIl7'IlAN-B6 
SDFl'WMlE 
rACIlJIGE 


FORTRAN·86meets the ANSI FORTRAN77 Language 
Subset Specification and includes almost all of the features 
of the full standard. This compatibility assures portability of 
existing FORTRANprograms and shortens the development 
proress. since programmers are immediately productive 
without retraining. 


FORTRAN·86provides extensive support for numeric 
proressing tasks and applications. with fr.aturcs such as: 
• Support for single. double. double extended precision. 
complex. and double complex noating·point data types 
• Support for proposed RF.ALMATHIEEE noating point 
standard 
• Full support for all other data types: integer. logical and 


character 
• Optional hardware (8087 numeric data processor) or 
software (simulator) noating·point support at link time 


rASCAL-II6 
SDFl'WAIlE 
rACIlJIGE 


Pascal·86 conforms to the ISO Pascal standard. facilitating 
application portability. training and maintenance. It has also 
been enhanced with microcomputer support features such 
as interrupt handling. direct port VO and separate 
compilation. 


A well-defined and documented run-time operating system 
interface allows the user to execute applications onder user- 
designed operating systems as an alternate to the 
development system environment. Program modules 
compiled onder Pascal-86 are compatible and linkable with 
modules written in other Intel 80861186 languages. so 
developers can implement each module in the language 
most appropriate for the task at hand. 


Pascal·86 object modules contain symhol and type 
information for program debugging using Intel ICE'" 
emulators and the DB·86 debugger. 


UNK-B6 
UNKEIl 


Intel's L1NK·fl6 utility is used to combine multiple object 
modules into a single program and resolve references 
between independently compiled modules. The resulting 
linked module can be either a bound load·time-Iocatable 
module or simply a relocatable module. A .EXE option 
allows modules to be generated which can be execoted 
directly on a DOSsystem. 


LINK·86 greatly increases productivity by allowing you to 
use modular programming. The incremental link capability 
allows new modules to be easily added to existing software. 
Becauseapplications can be broken into separate modules. 
they're e.asierto design. test and maintain. Standard 
modUles can be reused in different applications. saving 
software development time. 


UJ€-B6 
LOCAmll 


The LQC.86 utility changes relocatable 80861186 object 
modules into absolute objeLt modules. Its default address 
assignment algorithm will automatically assign absolute 
addresses to the object modules prior to loading of the code 
into the target system. This frees you from concern about 
the final arrangement of the object code in memory. Youstill 
have the power to override the control and specify absolute 
addresses for various segments. Classes.and Groups in 
memory. Youmay also reserve various parts of memory. 


LQC·86 is a powerful tool for embedded development 
because it simplifies set up of the bootstrap loader and 
initialization code for execution from ROMbased systems. 
The locator will also optionally generate a print file 
containing diagnostic information to assist in program 
debugging. 


NIJItlEIlICS SlJrrtJllT 
UBIlAIlY 


The 8087 Support Library (BOC187support in June 1989) 
greatly facilitates the usc of noating·point calculations from 
pmgrams wriuen in .~ssembler.Pl/M. and C. It adds to 
these languages many of the functions that are built into 
applications programming languages. such as Pascal and 
FORTRA . A lull 8087 software emulator and interface 
Iihraries are induded for precision noating point 
r.alculations without the use of the 8087 component. The 
decimal conversion library aids the translation between 
decimal and binary formats. A Common !':Iementary 
Function library provides support for transcendental. 
rounding and other common functions. not directly handled 
by the numeric processor. An Error Handler Module makes 
it easy to write interrupt routines that recover from noating· 
point error conditions. 


"'B-B6 
"'BIlAIlIAN 


The Intel LIB·86 utility creates and maintains libraries of 
software objeLt modules. Standard modules can be placed 
in a Iihrary and linked to your application using the L1NK·86 
utility. 


HDIT 
SDIJIlCE CODE AND TEXT 
EDITOIl 


AF.DITis a full·screen text editing system designed 
specifically for software engineers and technical writers. 
With the facilities for automatic program block indentation. 
HEX display and input. and full macro support. AEDIT is an 
essential tool fur any programming environment. And with 
AEDIT. the output file is the pure ASCII text (or I lEX code) 
you input-no 
special characters or proprietary formats. 


Dual file editing means you can create soorce code and its 
supporting documents at the same time. Keep your program 
listing with its errors in the background for easy reference 
while correcting the source in the foreground. Using the 
split·screen windowing capability. it is easy to compare t'"1 
nics. or copy text from one to the other. The DOSsystem· 
escape command eliminates the needto leavethe editor to 
compile a program. get a directory listing. or executeany 
other program executable at the DOSsystem level. 


OH-B6 
OBJECT-TO-HEXADECIItIA" 
CONJlEIlTEIl 


The OH·86 utility converts Intel 80861186 object modules 
into standard hexadecimal format. allOWingthe colle to be 
loaded directly into PROMusing industry standard PROM 
programmers. 


SEIlJIICE, SlJrPOllT 
AND TIIAINING 


Intel augments its 808611fl6 family development tools with a 
full array of seminars. classes and '"1rkshops. In addition. 
on·site consulting services. field application engineering 
expertise. telephone hotlinc support. and software and 
hardW'dremaintenance contracts are available to help 
assure your design success. 


ORDERING 
INFORMATION 


086ASM86NL 
ASM-86 
Assembler for PCXT or AT 
system (or compatible) 
running DOO3.0 or higher 


f'ORTR,\N-86 Software Packagefor Intel 
System 8613XXronning 
iKMX 86 operating system 


VVSASM86 
/lSM-86 
Assembler for VAXNMS 


MVVSASM86 
ASM-86 
Assembler for MicroVAX! 
VVSPAS86 
PASCAL-86 
VMS 


R86ASM86SU 
ASM-86 
Assembler for Intel 8613XX 
MVVPAS86 
PASCAL-86 
systems ronning iRMX 86 
operating system 


Assembler for Intel 28613XX 
R86PAS86SU 
PASCAL-86 
R286ASM86EU 
ASM-86 
systems running iRMX II'" 
operating system 


ASM-86 includes Macro Assembler. 
Link-86. Loe-86. Lib-86. Cross-Refcrence 
utility. OH-86. Numerics Support. and 
OB-86 Source Level Debugger. (OB-86 
available in DOSversion only_) 


086C86NL 
iC-86 
Software Package for IBM 
PC XT/AT running PC DOS 
3.0 or higher 


VVSC86 
iC-86 
Software Package for VAX! 
VMS 


MVVSC86 
iC-86 
Software Packagefor 
MlcroVAXNMS 


R86CJl6SU 
ie-86 
Software Package for Intel 
System 808613XX running 
iRMX 86 operating system 


D86PLM86NL 
PL/M-86 
Software Package for IBM 
PC XT/AT running PC DOS 
3.0 or higher 


VVSPLM86 
PUM-86 
Software Package for VAX! 
VMS 


MVVSPLMll6 
PUM-86 
Software Package for 
MicroVAXNMS 


R86PLM86SU 
PL/M-1l6 
Softwarr Package ForIntel 
System 8086/3XX 
running 
iRMX 86 operating system 


D86FOR86NL 
FORTRAN-86 Software Package for PC XTI 
AT (or compatible) running 
PC-DOS3.0 or higher 


VVSFORT86 
FORTR/lN-86 Software Package for VAX! 


VMS 4.3 and later 


Software Package for IBM 
PC XT/AT running PC DOO 
3.0 or higher 


Software Packagefor Y.W 
VMS 


Software Package For 
MicroVAXlVMS 


Software Packagefor Intel 
System 8613XXrunning 
iRMX 86 


AEDIT Source Code Editor 
for IBM PC XT/AT running 
PC DOS3.0 or bigher 


ICE is.1 trademark 
and iRMX a n'glslA:rt'tJ trademark. 
of 1nt..r.1Corporatlon. 


VAX and VMS an' n~jsu'I\'d lradl'mark.~ or l>igiLaI F.qUlpment 
Corporiltion. 


inter 
VAX*/VMS* 
RESIDENT 
86/88/186/188 
SOFTWARE DEVELOPMENT PACKAGES 


• 
Executes 
on DEC VAX*/MlcroVAX 
Minicomputer 
under VMS* Operating 
System 
to translate 
PL/M-86, 
Fortran-86, 
IC-86, Pascal-86 
and ASM-86 
Programs 
for 8086, 88, 186 and 188 
Microprocessors. 


• 
Specifically 
Designed 
for Embedded 
Microcomputer 
Applications 


• 
Packages 
Include C-86; FORTRAN·86; 
Pascal-86; 
PL/M-86; 
ASM-86; 
Link and 
Relocation 
Utilities; OH-86 Absolute 
Object 
Module to Hexadecimal 
Format 
Converter; 
and Library 
Manager 
Program. 


• 
Output 
Linkable 
with Code Generated 
on PC-DOS Based Systems 


The VAXIVMS 
Resident 
Software 
Development 
Packages 
contain 
software 
development 
tools for the 8086, 


88, 186, and 188 microprocessors. 
The tools 
allow the user to develop, 
compile, 
maintain 
libraries, 
and link 
and locate programs 
on a VAX running the VMS operating 
system. The compiler 
or assembler 
output is object 
module 
compatible 
with programs 
translated 
by the corresponding 
version 
of the compiler 
or assembler 
on a 
PC-DOS 
based system. 


Four packages 
are available: 


1. An ASM-86 
Assembler 
Package 
which 
includes 
the Assembler, 
the Link Utility, 
the Locate 
Utility, 
the 
absolute 
object 
to hexadecimal 
format 
conversion 
utility, the Library 
Manager 
Program, 
and Numerics 
Support 
Library. 


2. A PLlM-86 
Compiler 
Package 
which 
contains 
the PLlM-86 
Compiler 
and Runtime 
Support 
Libraries. 


3. A Pascal-86 
Compiler 
Package 
which contains 
the Pascal-86 
Compiler 
and Runtime 
Support 
Libraries. 


4. A iC-86 Compiler 
Package 
which contains 
the iC-86 Compiler 
and Run-Time 
Libraries. 


5. A FORTRAN-86 
Compiler 
Package 
which contains 
the FORTRAN-86 
Compiler 
and Run-Time 
Libraries. 


The VAXIVMS 
resident 
development 
packages 
and the PC-DOS hosted development 
packages 
are built from 
the same technology 
base. Therefore, 
the development 
packages 
are very similar. 


Version 
numbers 
can 
be used to identify 
features 
correspondence. 
The VAX/VMS 
resident 
development 
packages 
will have the same features 
as the PC-DOS hosted 
product 
with the same version 
number. 


The object 
modules 
produced 
by the translators 
contain 
symbol 
and type information 
for program 
debugging 
using ICETM translators 
and/or 
the PSCOPE debugger. 
For final production 
version, 
the compiler 
can remove 
this extra information 
and code, to reduce final program 
size. 


• 
Executes 
on VAX·/MicroVAX 
Minicomputers 
under the VMS· 
Operating 
System 


• 
Supports 
16-Bit Signed 
Integer 
and 
32-Bit Floating 
Point Arithmetic 
in 
Accordance 
with IEEE Standards 


• 
Easy-To-Learn 
Block-Structured 
Language 
Encourages 
Program 
Modularity 


• 
Produces 
Relocatable 
Object Code 
Which is Linkable 
to All Other Intel 


8086 Object 
Modules, 
Generated 
on 
Either a VAX·, 
or a PC-DOS Hosted 
System 


• 
Code Optimization 
Assures 
Efficient 
Code Generation 
and Minimum 
Application 
Memory 
Utlllzation 


• 
Built-In Syntax Checker 
Doubles 
Performance 
for Complllng 
Programs 
Containing 
Errors 


• 
ICETM, PSCOPE Symbolic 
Debugging 
Fully Supported 


VAX-PL/M-86 is an advanced, 
structured 
high-level 
programming 
language. 
The VAX-PL/M-86 compiler 
was 
created 
specifically 
for embedded 
software 
development 
for the Intel 8086, 88, 186, and 188 microprocessors. 


PLIM is a powerful, 
structured, 
high-level 
system 
implementation 
language 
in which program 
statements 
can 
naturally 
express the program 
algorithm. 
This frees the programmer 
to concentrate 
on the logic of the program 
without 
concern 
for burdensome 
details 
of machine 
or assembly 
language 
programming 
(such 
as register 
allocation, 
meanings 
of assembler 
mnemonics, 
etc.). 


The VAX-PLlM-86 compiler 
efficiently 
converts 
free-form 
PLIM language 
statements 
into equivalent 
machine 
instructions. 
Substantially 
fewer PL/M statements 
are necessary 
for a given application 
than if it were pro- 
grammed 
at the assembly 
language 
or machine 
code level. 


The use of PLIM high-level 
language 
for system programming, 
instead of assembly 
language, 
results in a high 
degree 
of engineering 
productivity 
during 
project 
development. 
This translates 
into significant 
reductions 
in 
initial software 
development 
and follow-on 
maintenance 
costs for the user. 


inter 


• Executes 
on VAX*/MicroVAX 
• Conforms 
to IEEE/ ANSI and ISO 
Minicomputers 
under the VMS* 
Standards 
Operating 
System 
• Extensions 
for Embedded 
• Produces 
Relocatable 
Object Code 
Microcomputer 
Applications 
Which is Linkable 
to All Other 
Intel 
• Separate 
Compilation 
with Type- 
8086 Object 
Modules, 
Generated 
on 
Checking 
Enforced 
between 
Pascal 
either a VAX *, or a PC-DOS Hosted 
Modules 
System 


ICETM, PSCOPE Symbolic 
Debugging 
• Compiler 
Option to Support 
Full Run- 
• 
Time Range-Checking 
Fully Supported 


Supports 
Numeric 
Coprocessors 
• Source 
Input/Object 
Output 
Compatible 
• 
with Pascal-86 
Hosted 
on a PC-DOS or 
RMX Development 
Host 


VAX-PASCAL-86 
conforms 
to and implements 
the ISO Pascal standard, 
level O. The language 
is enhanced 
to 
support 
embedded 
microcomputer 
applications 
with special 
features, 
such as separate 
compilation, 
interrupt 
handling 
and direct port I/O. Other extensions 
include 
additional 
data types not required 
by the standard 
and 
miscellaneous 
enhancements 
such as an allowed 
underscore 
in names, and an OTHERWISE 
clause in CASE 
statements. 
To assist the development 
of portable 
software, 
the compiler 
can be directed 
to flag all non-stan- 
dard features. 


The 
VAX-PASCAL-86 
compiler 
runs on the 
Digital 
Equipment 
Corporation 
VAX under 
the VMS 
Operating 
System. 
A well-defined 
I/O 
interface 
is provided 
for run-time 
support. 
This allows 
a user-written 
operating 
system 
to support 
application 
programs 
on the target 
system 
as an alternate 
to the development 
system 
environment. 
Program 
modules 
compiled 
under PASCAL-86 
are compatible 
and linkable with modules 
written 
in PL/M-86, 
and ASM-86. 
With a complete 
family of compatible 
programming 
languages 
for the 8086, 88, 186, 


and 188, code can be developed 
in the language 
most appropriate 
to the task at hand. 


inter 


• Executes 
on VAX·/MlcroVAX 
• "Strongly 
Typed" 
Assembler 
Helps 
Minicomputers 
under The VMS· 
Detect 
Errors at Assembly 
Time 
Operating 
System 
• High-Level 
Data Structuring 
Facilities 
• Produces 
Relocatable 
Object Code 
Such as "STRUCTURES" 
and 


Which is Linkable 
to Other Intel 80861 
"RECORDS" 


88/186 
Object 
Modules, 
Generated 
on 
• Detailed 
and Fully Documented 
Error 
either a VAX·, 
or a PC XT/AT 
running 
Messages 
PC· DOS 


Powerful 
and Flexible Text Macro 
• Produces 
Relocatable 
and Linkable 
• 
Object 
Code 
Facility with Three 
Macro 
listing 
Options 
to Aid Debugging 
• Source 
Input/Object 
Output 
Compatible 


with ASM·86 
hosted 
on a PC-DOS 
• Highly Mnemonic 
and Compact 
Hosted 
System 
Language, 
Most Mnemonics 
Represent 


Several 
Distinct 
Machine 
Instructions 


VAX-ASM-86 
is the "high-level" 
macro assembler 
for the 8086/88/186/188 
assembly 
language. 
VAX-ASM- 
86 translates 
symbolic 
assembly 
language 
mnemonics 
into relocatable 
object 
code. 


VAX-ASM-86 
should be used where maximum 
code efficiency 
and hardware 
control 
is needed. 
The assembly 
language 
includes 
approximately 
100 instruction 
mnemonics. 
From these few mnemonics 
the assembler 
can 
generate 
over 3,800 distinct 
machine 
instructions. 
Therefore, 
the software 
development 
task is simplified, 
as 
the programmer 
need know only 100 mnemonics 
to generate 
all possible 
machine 
instructions. 
VAX-ASM-86 
will generate 
the shortest 
machine 
instruction 
possible 
given no forward 
referencing 
or given explicit 
informa- 
tion as to the characteristics 
of forward 
referenced 
symbols. 


VAX-ASM-86 
offers 
many features 
normally 
found 
only in high-level 
languages. 
The ASM-86 
assembly 
lan- 
guage is strongly 
typed. The assembler 
performs 
extensive 
checks 
on the usage of variable 
and labels. The 
assembler 
uses the attributes 
which are derived 
explicity 
when a variable 
or label is first defined, 
then makes 
sure that 
each 
use of the symbol 
in later instructions 
conforms 
to the usage 
defined 
for that symbol. 
This 
means that many programming 
errors will be deteced 
when the program 
is assembled, 
long before 
it is being 
debugged 
on hardware. 


inter 


• 
Executes 
on VAX·/MicroVAX 
Minicomputers 
under the VMS· 
Operating 
System 


• 
VAX-L1B-86 
is a Library 
Manager 
Program 
which Allows You to: 
Create 
Specifically 
Formatted 
Files to 
Contain 
Libraries 
of Object 
Modules 
Maintain 
These 
Libraries 
by Adding 
or 
Deleting 
Modules 
Print a Listing of the Modules 
and 
Public Symbols 
in a Library 
File 


• 
Libraries 
Can be Used as Input to 
VAX-LINK·86 
Which Will Automatically 
Link Modules 
from the Library that 
Satisfy 
External 
References 
in the 
Modules 
Being Linked 


• 
Abbreviated 
Control 
Syntax 


Libraries aid in the job of building programs. The library manager program VAX-L1B-86creates and maintains 
files containing object modules. The operation of VAX-L1B-86is controlled by commands to indicate which 
operation VAX-L1B-86is to perform. The commands are: 
CREATE: 
creates an empty library file 
ADD: 
adds object modules to a library file 
DELETE: 
deletes modules from a library file 
LIST: 
lists the module directory of library files 
EXIT: 
terminates the L1B-86program and returns control to VMS 


When using object libraries, the linker will call only those object modules that are required to satisfy external 
references, thus saving memory space. 


• 
Executes 
on VAX·/MicroVAX 
Minicomputers 
under the VMS· 
Operating 
System 


• 
Converts 
an 8086/88/186/188 
Absolute 
Object 
Module to Symbolic 
Hexademical 
Format 


• 
Facilitates 
Preparing 
a file for Loading 
by Symbolic 
Hexadecimal 
Loader 
(e.g. 
iSBC® Monitor 
SDK-86 
Loader), 
or 
Universal 
PROM Mapper 


• 
Converts 
an Absolute 
Module to a More 
Readable 
Format 
that can be Displayed 
on a CRT or Printed for Debugging 


The VAX-OH-86 utility converts an absolute object module to the hexadecimal format. This conversion may be 
necessary for later loading by a hexadecimal loader such as the iSBC 86/12 monitor or the Universal PROM 
Mapper. The conversion may also be made to put the module in a more readable format that can be displayed 
or printed. 


• 
Executes 
on VAX·/MlcroVAX 
Minicomputers 
under the VMS· 
Operating 
System 


• 
Automatic 
Combination 
of Separately 
Complied 
or Assembled 
86/88/186/188 
Programs 
Into a Relocatable 
Module, 
Generated 
on Either a VAX, or a PC 
XT 1AT running PC· DOS 


• 
Automatic 
Selection 
of Required 
Modules 
from Specified 
Libraries 
to 
Satisfy 
Symbolic 
References 


• 
Extensive 
Debug Symbol 
Manipulation, 
allowing 
Line Numbers, 
Local Symbols, 
and Public Symbols 
to be Purged and 
Listed Selectively 


• 
Automatic 
Generation 
of a Summary 
Map Giving Results of the L1NK·86 
Process 


• 
Abbreviated 
Control 
Syntax 


• 
Relocatable 
modules 
may be Merged 
Into a Single Modul~Suitable 
for 
Inclusion 
In a Library 


• 
Supports 
"Incremental" 
Linking 


• 
Supports 
Type Checking 
of Public and 


External 
Symbols 


VAX·lINK·a6 combines object modules specified in the VAX-liNK-a6 input list into a single output module. 
VAX-liNK-a6 combines segments from the input modules according to the order in which the modules are 
listed. 


VAX-liNK-a6 will accept libraries and object modules built from any Intel translator generating aOa6 Relocat- 
able Object Modules. 


Support for incremental linking is provided since an output module produced by VAX-liNK-a6 can be an input 
to another link. At each stage in the incremental linking process, unneeded public symbols may be purged. 


VAX-liNK-a6 supports type checking of PUBLICand EXTERNAL symbols reporting a warning if their types are 
not consistent. 


VAX-liNK-a6 will link any valid set of input modules without any controls. However, controls are available to 
control the output of diagnostic information in the VAX-liNK-a6 process and to control the content of the 
output module. 


VAX-liNK-a6 
allows the user to create a large program as the combination of several smaller, separately 
compiled modules. After development and debugging of these component modules the user can link them 
together, locate them using VAX-LOC-a6 and enter final testing with much of the work accomplished. 


inter 


• 
Executes 
on the VAX·/MicroVAX 
Minicomputers 
under the VMS· 
Operating 
System 


• 
Automatic 
Generation 
of a Summary 
Map Giving Starting 
Address, 
Segment 
Addresses 
and Length, and Debug 
Symbols 
and their Addresses 


• 
Extensive 
Capability 
to Manipulate 
the 
Order and Placement 
of Segments 
in 
Memory 


• 
Abbreviated 
Control 
Syntax 


• 
Automatic 
and Independent 
Relocation 
of Independent 
Relocation 
of 
Segments. 
Segments 
May be Relocated 
to Best Match Users Memory 
Configuration 


• 
Extensive 
Debug Symbol 
Manipulation, 
Allowing 
Line Numbers, 
Local Symbols, 
and Public Symbols 
to be Purged and 
Listed Selectively 


Relocatability 
allows the programmer 
to code programs 
or sections 
of programs 
without 
having to know the 
final arrangement 
of the object 
code in memory. 


VAX-LOC-86 
converts 
relative addresses 
in an input module 
in iAPX-86/88/186/188 
object module 
format 
to 
absolute 
addresses. 
VAX-LOC-86 
orders the segments 
in the input module and assigns absolute 
addresses 
to 
the segments. 
The sequence 
in which the segments 
in the input module 
are assigned 
absolute 
addresses 
is 
determined 
by their order in the input module 
and the controls 
supplied 
with the command. 


VAX-LOC-86 
will relocate 
any valid 
input 
module 
without 
any controls. 
However, 
controls 
are available 
to 
control 
the output 
of diagnostic 
information 
to control 
the content 
of the output 
module, 
or both. 


The program 
you are developing 
will almost 
certainly 
use some mix of random 
access 
memory 
(RAM), 
read- 
only memory 
(ROM), 
and/or 
programmable 
read-only 
memory 
(PROM). 
Therefore, 
the location 
of your pro- 
gram affects 
both cost and performance 
in your application. 
The relocation 
feature 
allows you to develop 
your 
program 
and then simply relocate 
the object 
code to suit your application. 


·VAX, 
DEC, and VMS 'are trademarks 
of Digital 
Equipment 
Corporation, 
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Required Hardware 


VAX' 
with 9 Track 
Magnetic 
Tape Drive, 1600 BPI 


Required Software 


VMS 
Operating 
System. 
All 
of 
the 
development 


packages 
are delivered 
as unlinked 
VAX object code 


which can be linked to VMS as designed 
for the sys- 


tem where the development 
package 
is to be used. 
VMS command 
files to perform the link are provided. 


Documentation 
Package 


iAPX-86, 88 Development 
Software 
Installation 
Man- 


ual and User's 
Guide for VAXIVMS, 
Order 
number 


121950-001 


Shipping Media 


9 Track 
Magnetic 
Tape 1600 bpi (VAX) 


TK-50 Cartridge 
Tape (MicroVAX) 


Part Number 


WSASM86 


WSPLM86 


WSPAS86 


WSC86 


VVSFORT86 


MWSASM86 


MWSPLM86 


MWSC86 


MVVSFORT86 


MWSPAS86 


Description 


VAX-ASM-86, 
VAX-lINK-86, 


VAX·LOC·86, 
VAX-lIB-86, 


VAX-OH-86, 
Package 


VAX-PLM-86 
Package 


VAX-PASCAL-86 
Package 


VAX-C-86 
Package 


VAX-FORTRAN-86 
Package 


MICROVAX 
ASM86 
Package 


MICROVAX 
PLM86 
Package 


MICROVAX 
C86 Package 


MICROVAX 
FORTRAN 
86 Package 


MICROVAX 
PASCAL-86 
Package 


• 
Library to Support Floating Point 
Arithmetic 
in Pascal-86, 


PL/M-86, FORTRAN-86, ASM-86, and 
iC-86 


• 
Decimal Conversion 
Library Supports 


Binary-Decimal 
Conversions 


• 
Supports Proposed IEEE Floating Point 
Draft 8.0 Standard for High Accuracy 
and Software Portability 


• 
Common Elementary Function Library 
Provides Trigonometric, 
Logarithmic 


and Other Useful Functions 


• 
Error-Handler 
Module Simplifies 


Floating Point Error Recovery 


The 8087 Support 
Library provides 
iC-86, Pascal-86, 
FORTRAN-86, 
PL/M-86 
and ASM-86 
users with numeric 
data processing 
capability. 
With the Library, 
it is easy for programs 
to do floating 
point arithmetic. 
Programs 
can 
bind in library 
modules 
to do trigonometric, 
logarithmic 
and other 
numeric 
functions, 
and the 
user is 
guaranteed 
accurate, 
reliable results for all appropriate 
inputs. Figure 1 below illustrates 
how the 8087 Support 
Library can be bound with PLlM-86 
and ASM-86 
user code to do this. The 8087 Support 
Library supports 
Draft 
8.0 of the IEEE Floating Point Standard 
page 754. Consequently, 
by using this Library, the user saves software 
development 
time and the software 
investment 
is maintained. 


The 8087 Support 
Library consists 
of the common 
elementary 
function 
library (CEL87.L1B), the decimal 
con- 
version 
library (DC87.L1B), the emulator 
interface 
library E8087.L1B, the error handler 
module 
(EH87.L1B) and 
interface 
libraries 
(8087.L1B, NUL87.L1B). 
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CEL87.LlB 
THE COMMON 
ELEMENTARY 
FUNCTION 
LIBRARY 


CEL87.L1B contains commonly used floating point 
functions. It is used along with the 8087 numeric co- 
processor. It provides a complete package of ele- 
mentary functions, giving valid results for all appro- 
priate inputs. Following is a summary of CEL87 func- 
tions, grouped by functionality. 


Rounding and Truncation 
Functions: 


mqerlEX, 
mqerlE2, and mqerlE4. Round a real 
number to the nearest integer; to the 
even integer if there is a tie. The an- 
swer returned is real, a 16-bit integer 
or a 32-bit integer respectively. 
mqerlAX, 
mqerlA2, mqerlA4. Round a real num- 
ber to the nearest integer, to the inte- 
ger away from zero if there is a tie; the 
answer returned is real, a 16-bit inte- 
ger or a 32-bit integer, respectively. 
mqerlCX, 
mqerlC2, mqerlC4. Truncate the frac- 
tional part of a real input; the answer 
is real, a 16-bit integer or 32-bit inte- 
ger, repectively. 


Logarithmic 
and Exponential 


Functions: 
mqerLGD 
computes decimal (base 10) loga- 
rithms. 
computes natural base (base e) loga- 
rithms. 
computes exponentials to the base e. 
computes exponentials to any base. 
raises an input real to a 16-bit integer 
power. 
is as mqerY12, except to a 32-bit inte- 
ger power. 
is as mqerY12, but it accommodates 
PL/M-286 users. 


mqerEXP 
mqerY2X 
mqerY12 


Trigonometric 
and Hyperbolic 


Functions: 
mqerSIN, 
mqerCos, 
mqerTAN compute sine, 
cosine, and tangent. 


mqerASN, 
mqerACS, 
mqerATN 
compute 
the 
corresponding inverse functions. 


mqerSNH, 
mqerCSH, mqerTNH 
compute 
the 


corresponding hyperbolic functions. 


mqerAT2 
is a special version of the arc tangent 
function that accepts rectangular co- 
ordinate inputs. 


Other Functions (of real variables): 
mqerDIM 
is 
FORTRAN's 
positive 
difference 


function. 
mqerMAX 
returns the maximum of two real in- 
puts. 
mqerMIN 
returns the minimum of two real in- 
puts. 


mqerSGH 
combines the sign of one input with 
the magnitude of the other input. 


mqerMOD 
computes a modulus, retaining the 
sign of the dividend. 
mqerRMD 
computes a modulus, giving the value 
closest to zero. 


Complex Number Functions: 
mqercCMUL, and 
mqercCDIV 
perform 
complex 


multiplication and division of complex 
numbers. 


mqercCPOL 
converts complex numbers from rec- 
tangular to polar form. mqercCREC 
converts complex numbers from polar 
to rectangular form. 


mqercCSQR, and mqercCABS compute the com- 


plex square root and real absolute 
value (magnitude) of a complex num· 
ber. 


mqercCEXP, and mqercCLGE compute the com- 


plex value of e raised to a complex 
power and the complex natural loga- 
rithm (base e) of a complex number. 


mqercCSIN, 
mqercCCOS, and mqercCTAN com- 
pute the complex sine, cosine, and 
tangent of a complex number. 
mqercCASN, mqercCACS, and mqercCATN com- 


pute the complex inverse sine, co- 
sine, and tangent of a complex num- 
ber. 
mqercCSNH, mqercCCSH, and mqercCTNH com- 


pute the complex hyperbolic sine, co- 
sine, and tangent of a complex num- 
ber. 


inter 


mqercCACH, mqercCASH, and mqercCATH com- 
pute the comples inverse hyperbolic 
sine, cosine, and tangent of a com· 
plex number. 


mqercCC2C, mqercCR2C,mqercCC2R,mqercCCl2, 


mqercCCl4, and mqercCCIS return 
complex values of complex (or real) 
values raised to complex (real, short 
integer, or long integer) values. 


DC87.LlB 
THE DECIMAL CONVERSION 
LIBRARY 


DC87.L1Bis a library of procedures which convert 
binary representations of floating point numbers and 
ASCII-encoded string of digits. 


The 
binary-to-decimal 
procedure 
mqcBIN_DE- 
CLOW accepts a binary number in any of the for- 
mats used for the representation of floating point 
numbers in the 8087. Because there are so many 
output formats for floating point numbers, mqcBIN_ 
DECLOW does not attempt to provide a finished, 
formatted text string. Instead, it provides the "build- 
ing blocks" for you to use to construct the output 
string which meets your exact format specification. 


The decimal-to-binary procedure mqcDEC_BIN ac- 
cepts a text string which consists of a decimal num- 
ber with optional sign, decimal point, and/or power· 
of-ten exponent. It translates the string into the call- 
er's choice of binary formats. 


Decimal·to-binary procedure mqcDECLOW_BIN 
is 
provided for callers who have already broken the 
decimal number into its constituent parts. 


The procedures mqcLONG_TEMP, 
mqcSHORT_ 
TEMP, mqcTEMP_LONG, and mqcTEMP_SHORT 
convert floating point numbers between the longest 
binary format, TEMP_REAL, 
and the shorter for- 
mats. 


EH87.LIB 
THE ERROR HANDLER LIBRARY 


EH87.L1B is a library of five utility procedures for 
writing trap handlers. Trap handlers are called when 
an unmasked 8087 error occurs. 


The 8087 error reporting mechanism can be used 
not only to report error conditions, but also to let 
software implement IEEE draft standard options not 
directly supported by the chip. The three such exten- 
sions to the 8087 are: normalizing mode, non-trap- 
ping not-a-number (NaN), and non-ordered compari- 
son. The utility procedures support these extra fea- 
tures. 


DECODE is called near the beginning of the trap 
handler. It preserves the complete state of the 8087, 
:l!'ld also identifies what function called the trap han- 
dier, and returns available arguments and/or results. 
DECODE eliminates much of the effort needed to 
determine what error caused the trap handler to be 
called. 


NORMAL provides the "normalizing mode" capabili- 
ty for handling the "D" exception. By calling NOR- 


MAL in your trap handler, you eliminate the need to 
write code in your application program which tests 
for non-normal inputs. 


SIEVE provides two capabilities for handling the "I" 
exception. It implements non-trapping NaN's and 
non-ordered comparisons. These two IEEE draft 
standard features are useful for diagnostic work. 


ENCODE is called near the end of the trap handler. 
It restores the state of the 8087 saved by DECODE, 
and performs a choice of concluding actions, by ei- 
ther retrying the offending function or returning a 
specified result. 


FILTER calls each of the above four procedures. If 
your error handler does nothing more than detect 
fatal errors and implement the features supported by 
SIEVE 
and 
NORMAL, 
then 
your 
interface 
to 
EH87.L1Bcan be accomplished with a single call to 
FILTER. 


8087.LIB, 
NUL87.LIB, 
E8087.LIB 
INTERFACE 
LIBRARIES 


E8087.L1B, 8087.L1B and NUL87.L1B libraries config- 
ure a user's 
application 
program 
for 
the 
run-time 
environment; 
running 
with 
the 8087 
component 
or 


without 
floating 
point arithmetic, 
respectively. 


The Full 8087 Emulator 
is a 16-kilobyte 
object 
mod- 


ule that is linked to the application 
program 
for float- 


ing-point 
operations. 
Its functionality 
is identical 
to 


the 8087 chip, and is ideal for prototyping 
and de- 


bugging 
floating-point 
applications. 
The Emulator 
is 


an alternative 
to the use of the 8087 chip, although 


the latter 
executes 
floating-point 
applications 
up to 


100 times faster than an 8086 with the 8087 Emula- 
tor. Furthermore, 
since the 8087 is a "coprocessor," 


use of the chip will allow many operations 
to be per- 


formed 
in parallel 
with the 8086. 


Operating 
Environment 


Intel Microcomputer 
Development 
Systems 
(Series 
III, Series 
IV) 


Documentation 
Package 


8087 Support 
Library Reference 
Manual 


Part Number 
D86ASM86NL 
Description 
ASM-86 Assembler 
for PC XT or AT System (or 
compatible) 
running DOS 3.0 or higher. 
ASM-86 Assembler 
for VAXIVMS. 
ASM-86 Assembler 
for Micro VAXIVMS. 


VVSASM86 
MVVSASM86 


Intel offers 
several 
levels of support 
for this product 
which are explained 
in detail in the price list. Please 
consult 
the price list for a description 
of the support 


options 
available. 


1l£4~1'1MBSfIITIf'MlB ANAD'SIS I'OIlI'IIE 
.000t11•• , 
.O'•• I'A, 8028., AND 803 •• 


Intel's iPA,... Performanre 
Analysis 
Tool enables OEMs developing applications 
based on the 8086188. 
801861188. 80286. 
or 80386 
microproressors 
to analyre reaHlme 
software execution in their proto- 


type systems at speeds up to 20 MHz. Through such analysis. 
it is possible to speed-tune applications 
with real-time data. optimize 
use of operating 
systems (such as Intel's iRMXell 
ReaI·Time Multitasking 
ExecutlYe Cor the 80286 
and 80386. 
and IRMK'" Real·Time Multitasking 
Kernel Cor the 80386). 
characterize 
response characteristics. 
and determine 
code execution COYerageby real·time test suites. 
Analysis 
Is performed 
symbolically. 
non·lntnlSiYely. 
and In real-time with 100% sampling 
In the 
microprocessor 
prototype 
environment. 
iPAT supports 
analysis of OEM-deYeloped software 
built using 
8086. 80286. 
and 80386 
assemblers 
and compilers 
supplied by Intel and other vendors. 


AIlIPAT Performance 
Analysis 
Tool products 
are serially 
linked to DOS computer 
systems (such as 
IBM- 
PC AT. PC XT. and PSI2- Model 80) to host fPAT control and graphic dIsplay software. 
Several 
means of acress to the user's prototype 
microprocessor 
system are supported. 
For the 80286 (real and 
protecWd mode). a 12.5 MHz iPAT·286 probe can be used with the iPATCORE system. For the 8086188 
(MAX MODE designs only). a 10 MHz IPAT·88 probe can be used with the IPATCORE system. iPATCORE 
systems also can be connected to sockets provided on the ICE"'·286 
and ICE·186 in-eircuit 
emulators. 
or interfaced 
to PICE'" in-eircuit 
emulators 
with probes supporting 
the 8086188. 801861188. or 80286. 


The 20 MHz IPA,...·386'" 
probe. also supported 
by the common iPATCORE system. can be operated 
either in ·piggyback" 
Cashion connected to an Intel ICE in-eircuit emulator 
Corthe Intel386'". 
or directly 
connected to a prototype 
system Independent 
of an ICE. IPAT·386 supports 
all models oC80386 
applications 
anywhere 
in the lowest. 16 Megabytes 
oC the 80386 
linear address spare. 


IrAI' 
I'EA.'l'lJlIES 


• 
up to 20 MHz real-time 
analysis 
• 
Histograms 
and analysis 
tables 
• 
Performanre 
prol'iles 
oC up to 125 partitions 


• 
Code execution 
COYerageover up to 252K 
• 
Hardware 
or software 
interrupt 
analysis 
• 
Simple use with Cunction keys and graphics 
• 
Use with or without 
Intel ICEs 


MOST COMPLETE REtlL-TlME 
tlNtlLYSlS 
tlJ'tlIUBLE 
TODtly 


iP.-\TPerformance Analysis 
Tools use In<ireuit 
probes 


containing 
proprietary 
chip technology 
to achieve full 


sampling 
in real·time non·intrusively. 


MEETS THE REtlL-TIME DESIGNER'S 
NEEDS 


The iPAT products 
include support 
for interactions 
between 


real·time software and hardware 
interrupts. 
real-time 


operating 
systems. "idle" time. and full analysis of real·time 


process control systems. 


SPEED-TIlNING YOIlR SOITWtlRE 


By examining 
iP.-\Thistogram 
and tabular 
information 
about 


procedure 
usage (including 
or not including 
their interaction 


with other procedures. 
hardware. 
operating 
systems. or 


interrupt 
service routines) for critical 
functions. 
the software 


engineer can quickly 
pinpoint 
trouble spots. Armed with this 


information. 
bottlenecks 
can be eliminalRd 
by means such 


as changes to algorithms. 
recoding in assembler. or 


adjusting 
system interrupt 
priorities. 
Finally. iP.<\Tcan be 
used to prove the acceptability 
of the developer's results. 


EFFICIENCY tlND EFI'ECTIJ'ENESS IN 
TESTING 


With iP.-\Tcode execution coverage information. 
product 


evaluation 
with test suites can be performed 
more 
effectively 
and in less time. The evaluation 
team can quickly 
pinpoint 
areas of code that are executed or not executed 
under real-time conditions. 
By this means. the evaluation 


team can substantially 
remove the "black box" aspect of 


testing and assure 
100% 
hits on the software 
under test. 
Coverage information 
can be used to document testing at the 


module. procedure. 
and line lev!'!. iP.<\Tutilitirs 
also support 


generation 
of instruction-level 
code coverage information. 


tlNtlLYSIS 
WITH OR WITIIOIlT 


SYMBOLICS 


If your application 
is developed with "debug" 
symbolies 


generated by Intel 8086. 80286. 
or 80386 
assemblers and 


compilers. 
iP.-\Tcan use them-automatically. 
Symbolic 
names also can be defined within 
the iP.-\Tenvironment. 
or 


conversion tools supplied with the iPAT products can be 
used to create symbolic 
information 
from Virtually 
any 
vendor's map files for 8086. 80286. 
and 80386 
software 
tools. 


REtlL OR PIIOTECTED MODE 


iP.<\Tsupports 
80286 and 80386 protected 
mode symbolic 


information 
generated by Intel 80286 
and 80386 software 
tools. It can work with absolute addresses. as well as 
base:offset or selector:offset 
references to partitions 
in the 
prototyp!' 
system's execution address space. 


FIIOM IIOM-WtlDED 
'I'OOPEIlATING 
SYSTEM IAMDED APPUCtlTIONS 


The software analysis provided by iPAT watches absolute 
execution addresses in-clrcuit 
in real time. but also supports 


use of various iPAT utilities to determine the load locations 
for load·time located software. such as applications 
running 


under iRMXII. 000. 
Microsoft 
Windows·. 
or MS·-DSI2. 


IlSE STtlNDtlWNE 
OR WITH ICE 


The IPAT·386. iPAT-286. and iPAT-86188 probes. together 
with an iPATCORE system. provide standalone 
software 


analysis Independent of an ICE (in-clrcult 
emulalnr) 
system. 


The iPATCORE system and DOS·hosted software also can be 
used together with ICE-386. ICE-286. ICE·186. and 
12ICE-86188. 1861188. or 286 in-circuit 
emulators 
and DOS- 


hosted software. Under the latter scenario. the user can 
examine prolntype 
software characteristics 
in real-time on 


one DOS host while another 000 host is used to supply 
ilJput or test conditions 
In the prototype 
through 
an ICE. It 


also is possible to use an iPATCORE and PICE system with 
integrated host software on a single Intel series III or series 
IV development system. or on a DOS computer. 


IlTIUTIES FOIl YOOR NEEDS 


Various utilities supplied with iPAT products support 
generation or symbolic 
information 
from map files 


associatOO with 3rd·party 
software tools. extended analysis 


of iPAT code execution coverage analYSis data. and 
convenience in the working environment. 
Fbr example. 


symbolics 
can be generated for maps produced by most 
software tools. instruction-level 
code execution information 


can be produced. and iRMXII-format 
disks can be read! 


written 
in DOS noppy drives In facilitate 
file transfer. 


WORLDWIDE SERJ'ICE tlND SIlPPORT 


All iPAT Performance Analysis Tool products 
are supported 


hy Intel's worldwide 
servloe and support. 
Total hardware 


and software support 
is available. including 
a hotline 


number when the need is there. 


fJONl'IGfJllATION 61/1_ 


For all of the following 
application 
requirements. 
the iPAT system 
is supported 
with iPAT 2.0 (or greal.el') or IPATII2ICE 1.2 
(or grearer) 
host soltware. 
as footnoted. 


Application 
Soltware 


80386 
Embedded 


iRMK on 80386 


IRMXlI 
08-Loaded 
or Embedded 
on 386 


OS/2·Loaded 
on 386 


iRMXlI 
08-Loaded 
or Embedded 


80286 
Embedded 


DOS 08-Loaded 
80286 


0SI2 08-Loaded 
80286 


801861188 
Embedded 


DOS 08-Loaded 
8086/88 


8086188 Embedded 


Option 


"1 
"I 
"1 
"1 
"I 
"I 
"2 


"3 
"4 
"5 
"6 


"I 
"1 
"1 
"2 


"3 
"4 


"5 


IPAT Order Codes 


iPAT386DOS'.IPATOORE 


IPAT386DOS. 
IPATOORE 


lPAT386DOS. 
iPATOORE 


IPAT386DOS. 
IPATOORE 


IPAT286DOS. 
iPATOORE 


lPAT286DOS. 
lPATCORE 
ICEPATKIT2 
121CEPATK1T3 
IIIPATD. lPATCORE3 
IIIPATB. IPATCORE:t 
IIIPATC. IPATOORE3 


iPAT286DOS. 
IPATOORE 


iPAT286DOS. 
iPATOORE 


ICEPATKIT2 
12ICEPATK1T3 
IIIPATD. iPATCORE3 
IIIPATB. iPATOORE3 
IIIPATC. iPATOORE3 


IPAT88DOS. 
iPATOORE 


IPAT88DOS. 
iPATOORE 
12ICEPATKITJ 
IIIPATD. IPATCORE3 
IIIPATB. iPATCORE3 
IIIPATC. iPATOORE3 


Host System 


DOS 


DOS 


DOS 


DOS 


DOS 


DOS 
DOS 
DOS 
DOS4 
8eries 
1114 
Series IV4 


DOS 


DOS 


DOS 
DOS 
DOS4 
Series 1114 
series 
IV. 


DOS 


DOS 
DOS 
DOS4 
Series 1114 
series 
IV4 


~: 


1. Operable 
stBndalone 
or with 
ICE·386 
(separate 
prodU(1; 
separate 
host). iPAT·386 probe connects 
directly 
to prototype 
system 
socket. or to optfonaf 4' prolJe.to-socket 
hinge cable (order code TA386A). 
or to ICE·386 
probe 
socket. 
2. Requires 
ICE·I86 
or ICE·286 
In-clrcult 
emulator 
sysrem. 
3. Requires 
12ICE in-clrcult 
emulator 
system. 
4. Includes 
iPATI12ICE Integrated 
soItware 
(lPATI12ICE 1.2 or grearer). 
whiCh only supports 
sequential 
iPAT and ICE 
operation 
on one host. rather 
than in parallel 
on two hosts (lPAT 2.0 or grearer). 


IIOST COMPIJTEIlIlEOIJIIlEMENTS 


All iPAT Performan<~ Analysis Tool products are hosted on 
IBM PC AT. PC XT, or PS/2 Model 80 personal computers. or 
100% compatibles. 
and use a serial link for host·tll-iPAT 
communications. 
At least a PC AT class system is 
recommended. The DOS host system must meet the 
following minimum 
requirements: 
• 
1140K Bytes of Memory 
• 
360K Byte or 1.2M Byte nOPDY disk drive 
• 
Fixed disk drive 
• 
A serial port (COM1 or COM2) supporting 
9600 baud 
data transfer 
• 
DOS 3.0 or later 
• 
IBM or 100% compatible 
BIOS 


Width 
Height 
Length 
Unit 
Inches 
em. 
Inches 
Cm. 
Inches 
em. 


iP.A.TCORE 
8.25 
21.0 
1.75 
4.5 
13.75 
35.0 


Power Supply 
7.75 
20.0 
4.25 
11.0 
11.0 
28.0 
iP.A.T·386 prohe 
3.0 
7.6 
0.50 
1.3 
4.0 
10.1 
iP.A.T·286 prohe 
4.0 
10.2 
1.12 
2.8 
6.0 
15.3 


iP.A.T-86probe 
4.0 
10.2 
1.12 
2.8 
6.0 
15.3 
iPATCABLE 
(to 
ICE-1861286) 
4.0 
10.2 
.25 
.6 
36.0 
91.4 
IJIPATR.C.D 


(FICE board) 
12.0 
30.5 
12.0 
30.5 
.5 
1.3 


serial 
cables PC 


ATIXT 
PS/2 
144.0 
370.0 


EI..ECTIlICAL CONSIDERATIONS 


The iPATCORE system power supply uses an AC power 
source at l00V, 120V. 220V. or 240V over 47Hz to 63Hz. 2 
amps (AC) at lOOV or 120V; 1 amp at 220V or 240V. 


iPAT-386, iPAT-286 and iPAT-86/88 probes are externally 
powered, impose no power demands on the user's prototype. 
and can thos be used to analyy,e software activity 
through 
power down and power up of a prototype 
system. For 
ICE·386. ICE-286. ICE·J86. and PICE microprocessor 
probes. see the appropriate 
in-circuit emulator 
factsheets. 


ENJ'IIlONMENTAL SPECIFICATIONS 


Operating Temperature: 
100C to 400C (50~F to 
104°F) ambient 
Operating Humidity: 
Maximum of 85% 
relative 


humidity. non-condensing 


IN-€IIlt:IJIf' 
EMIJ£tll'OIll'Oll 
f'HE 808S180 
I BSIBOZafJ 
FtlMl£t' 
OF MIfJIlfJftlO(;ESSOIlS 


The PICE'" In-Circuit Emulator is a high-performance. cost-effective debull environment For 
developing systems with the Intel 8086180186180286 family of microprocessors. With 10 MHz 
emulation. a window-oriented user interface. and oompatibility with Intel's iPAT"' Performance 
Analysis Tool. the PICE Emulator gives you unmatched spred and oontrol over all phases of 
hardwareJsoftware debug. 


1'E4f'IJIlES 


• 
Emulation speeds up to 10 MHz with 
8086188.801861188 
and 80286 
microprocessors 
• 
8087 and 80287 numeric ooprocessor 
support 


• 
Hosted on IBM PCAT'. AT BIOS.or 
oompatibles 
• 
ICEVIEW'" window-oriented user interface 
with pull-iJown menus and oontext-sensitive 
help 
• Source and symbol display using all Intel 
languages 


• 
1K frame bus and execution trace buffer 


• Symbolic debugging for flexible access to 
memory location and program variables 
• 
Flexible breakpointing for Quick problem 
isolation 
• 
Memory expandable to 288K with zero wait 
states 
• Worldwide service and support 
• iPAToption for sortware speed tuning 


intJ-------- 


12IQ:.avl~"'.andif'l\T.reLt8dcmIIrU(fIIld~ 


·IBMtI.~r1I~ 
8ulineuMadllrnCorp. 


lnw:l Corporaion.-.rnc:t 
no IUIJlO'IlNbHl.yror UlClII:d 
any dlallLry 
l&hcr thlIn ClfQllt1y anbodicd 
In Il'lln&cl produtt 
No lthet 
drtull. Pl'Cf'lIla:nJc:l.re 


implied. Inrt.ll"m8llon CUfUlncd 
herein IIllPlft;ldelI 
pn.'Y1oU8/y pUblJIhod IIPCdrlaMUllllll 
line 
dc\'ic:DI rl'Ofll In&cl and UIlUh!l'rt 
IoncMnee 
wiU'lo!.a nr&ltt 


Plate •. 
An example o[ the ICP.VIEW" user interface showing source. 
memol')l. watch. and trace. 


ONE 'l'OOI. FOIl 
TBE ENTIRE 
DEJlEI.OP/fIENT 
PIlO£ESS 


The 121CEEmulator allows hardware and software design to 
proceed simultaneously. so you can deveklp software even 
before prototype hardware is available. With 32K of zero 
wait·stllte mappable memory (and an additional 256K with 
optional memory boards). you can use the PICE Emulator to 
dehug at any stage of the development Cl'cle: hardware 
development. software development. system integratkm or 
syst.cm test. 


BI6B-SPEED, 
IlEAt-TIME 
EMllMTION 


The 121C~Emulator delivers [ull-speed. real-time emulation 
at srx~~dsup to 10 MHz. Based (m Intel's exclusive 
microprocl:ssor technoklgy. the PICE Emulator matches 
each chip's electrical and timing characteristics without 
memory or Intcmlpt 
intrusions. ensuring dl:sign aa-urary 
and l'iiminating 
surprises. Thr p!'r[ormanee of your 
prototype is the performano.' ~lU can roXp!oct[rom :YllurFinal 
prod lilt. 


EASt'-TO-llSE 
ICEJlIEW"' 
INTEIlI'ACE 


The ICEVI~:W interfacc makes the 12IC~;Emulator e.asyto 
I(~m mJ(l uS/.)hy prnviding l'aSy ar.et:ssto application 
information and ICE [unctions. Pull-down menus and 
wimlo',l,s IxxlSt produ~tivity for Ixlth new and ('xpcrienu'l.l 
users. Multiple on-SCl't\'n windows allow ~~lUto alX~essthe 
sour«' display. execution trdre. register. and other 
important infonnation. all at thl' same time. ¥ml mn wal£h 
thr in[ormation chall/,~' as you modify and Sl.Cpthr<lUgh your 
pn~rum. 
You(~an('vcn cu~t()[T1r/A~ 
winck,w size and screen 
positions. 


A mllllllarul 
lint' 1Il1er[ill\~is also availahk' wit.h synwx 
chl\'klng and mnlt,xt·St'nsltiVt' Iln)l1IptS. ICI':VI~:Wworks 
wilh l1Ionlx'lll'llllll'. 
C(:A and tlll'lat!:sl 
~:Ci\mlor dispiays. 


St'IfIBOUC 
DEBllG 
SPEEDS 


DEJlEWPIfIENT 


The extensive debug symbolics generated by the Intel B086 
and 80286 assemblers and compilers can increase your 
development productivity. ~ymholics with automatic 
formatting are availahle [or all primitive types. regardless of 
whether the variables are globals, locals (stack-resident) or 
pointers. The virtual symbol table supp!lrts all symbolics, 
even in very large programs. Aliasing can he used t!l reduce 
keystmkes and save time. 


POWEIlI'Ill. 
BIlEAI( 
AND TIIACE 
CAPABIUTt' 
I'OIlI'AST 
PIlOB£E1fI 
ISOUTION 


The PICE Emulator allows up t!l eight simultant\lUS hrt'akJ 
tracc conditions t!l he set ([our l'xocution, hlr 
hus). a 
timesaver when Stllving hardwanVStlftwart' inwgratkm 
pnlblems. Brt'ak and tra~,~points can hi' SIt on Sp!X:iFil\j 
line numtxTIl. on procroun~. 
or un symholit: data event.~, 


such as writing a variahle tll a value or l'lml.~' o[ VaIUl'll.You 
can hreak or trau' on sp!ociFichardwan' eVl'nts. such as a 
('{'ad or wriw t!l a spociFIcacldn:s.~,c1ataor I/O port. or on a 
comhination o[ events. 


ItIllLTlPIlOCESSOIl, 
PIlOTECTED 


ItIODE, AND COPIlOt:ESSOIl 
SIlPPOIl7 


lip t!l four 12IC~:systems can hi: linkl'l.l and mntrolllx] 
simultamxlUsly [mm one PC host. enahling yuu t!) dehug 
multipnlCl:s.~lr syst!:ms. The 12IC~:~:mulator with an 802116 
pmht' supports allll02116 pmt!\tnd 
mode mpahilitil'll. 
It 
alSt) supports thl' 1l01l7 and 1102117numeric mpnx1'S.~ors. 


,rAr" 
f'OIl SOITWARE 
PERFORMANCE 
AND CODE COt'ERA6E 


ANALI'SIS 


TtK' I~ICE Emulator 
interfa('('S to Intl'l's 
il'AT Performan('(' 


Analysis 
'fIxll fill' examining 
softwart' 
I'XI'cution spceds and 


nllk' 
l~ll'el'a,,~' in rral 
tiffit'. 
11'1\'1'displays 
critiral 
performanrt'data 
ahout ~our code In msy-III-undl'rslRnd 


hisl.(Jl.iraJ[L~ami tahk'S. ~:Iusive hottlclll'Cks 
an' rt'adlly 
SI~'n, 


allowing 
l"lU to focus your att('Jltion 
tll j,~'t the most 


Ix'1furmalll~' 
0111of your prodUft. 


il~I\T also performs 
(xldl' I'XI~'Utit)fJ mvt'rage, 
II'Uing I11U 
IK'nul'm 
fll'lldurt 
l'valuations 
faster and mol'l' l'ITI~'tiwly. 


il'I\T Ilinpllints 
;)('('liS in your l'lxle !'itht'1' ('.X(~'ul.txl or not 


e\(nltl'll 
,Hmnling 
10 SfKX'lfk' contlitions. 
t;)kln~ thl' 


glH'ssllork 
out of s"rtllan' 
1'lall~ltiuI1S. 


EASt' 'NTERFACE m EXTERNA£ 
INSTIlIJ/tIENJ'S 


'I'h,' IlIC~; system 
inr'llldl's 
('\(ernal 
l'nuHation 
chps and 


SIIII II ar'l, sUPlxWI fur selling 
hl'l'aklx'inls. 
Il'al'l',xllnts 
and 


m'nlidlsal'llI 
mllllilions 
u.l ,'\1t1'nal t'll'nls, 
llIaklllg 
it I'as~ 10 


('(IIHU'('t 
(·,II'fTL:11 
h~i(' anal.\i'A'rS 
.uul ~i:.!ncll~(·I1l,,.at(lrs. 
'IMI 


call ddllig 
mlllplt'\ 
ha"l\lal'e/sonwa,,' 
illll'I':1l1illns 
111111a 


11igll It'I,'llIr 
1"'lJ,hJ('lllit~. 


WOIl£DIt'IDE 
SEIlJIICE AND SlJrPORT 


'I'Iw FIC~; ~;llIlllatllr 
IS SUpplll'ltxllly 
Intl'l's 
1llIlltlllldt' 
SI'rI'k'(' arxl SUI~lort IIl'g'lfIiwtilln. 
In addlltllnlll 
an I'\tended 


IIlll'rantl. 
~Oll ('Un ehlXlSl' fmlll 
hlltlille 
Suppt)['t. IIn·sill' 


s~slt'ms 
l'llgint't'ring 
assist<IIlt't', 
allli 
a lariety 
of hands- on 
training 
,,"ol'kshops. 


HOST 
IlIJQI1.IlElfIlJlliTS 


II{M I'C/W 
01' HXl'Yo> 
PC 1\'1'BIl~ 
mmp;u,IIII' 
Il(~ 
:1.1 01' lalt'r 
tHO!.. hIlt'S 
or II1l'lI1ory 


:IGOI.: lI)tl'S 
or 1.2 \111fiopp) 
ttisk dl'ill' 


11;lI'lldisk 
tin\'(' 


MlIlllx'lmlllll', 
C(;,\ or ~:t:;\llIonitol' 
(EI;;\ 
In'lIllnWIHlcd) 


"'ifill. 
Neill'" 
u••• 
fII 


11." 
c. 
I. 
r. 
I. 
c. 
I. 


FIC~; 


chassi:-; 
-1:1.2 
17.1l 
no 
H.2', 
lil.:l 
21.1:1 


I'I'llIK' haSl' 
21.li 
H.:; 
7.li 
:Ul 
2:;.~ 
10.0 


IJUCTIIICM, 
CHAIlACTIJII.STIt:S 


90-132" 
or lHO-2fi.1" 
(st'h'tahll') 


47-63 Hz 
12 amps (AC) 


IJNJ'IIIfINIfIIJNTA£ 
SPIJCII'ICATIONS 


Opcratin" 
tl'mperatul'l': 
()-40OC (32-104 o~')amhil'nt 


Opt'rating 
humidity: 
Maximum 
of B:;% 
rt'latiw 
humidity, 


non-eondenslll" 


tooit <Axil' 
plllOlOtool'l'1l 
Conl.t'n~~ 
Fler: 
system 
10 MII~ HOB6/BOHB 


sUPI~1I'1kit for IIlM 
PC host. Incilldes 
prolx', 
chassis. and hosl inll'lf,"~' 


nll~lnll' 
and Sllflllal'l'. 


FICE S~S\('1I110 ~ll1z BOIllli 
StlPI~lrl 
kit for 1Il~1 I'C 'xIsL Inclll(J('S ,milK', 
ehassis, Ilost 1Il11'11'al'l'II1lKlull' and 
son II ,II'". \1I1t': For HOI BH SIlPPOI't. 
Ih(' 1I1!!IH option IK'lolI 
I1II1SIalsll III' 
ol~Il'n~1. 


10 \fllz 
HOIHH SIIPlxlI" n'llIt'I'Sion 
kit 
10 mlllcl'l 
H01H(; prolx' 
to BO IHH 


proIK'. 
IllCE S~Stt'l1I, 10 Wlz 
B021lh SIIPI~J1't 
kit fill' IB~I I'C \'1' host. Incilldl's 
prolx" 
chassis. host intl'rfal'l' 
nH~IIIIt' 
and softllan'. 
IllCE 
S~St(,1lI 10 MII~ BOBGIBOHB 
support 
kit II ith il',\'I' i't'rformanrt' 
'\na'~sis 
TIKII 1'01'PC "IT 
h(~~L Includl'S 


J2IC~: PI'IJ!1('.ehassis, host illtt'rfa('~ 
modult', 
il'-\'I' t'H,1 option, rallil's 
and 
SOnWW'l'. !\Iso inl'illllt'S 
iC-BI; ('ol1lpill'r, 


BG Ma('ro 1\s.-;('l1Il1ll'I',Iltilitil'S. 
;)1111 
M;IlI'I'l.t'\tt~lilo!'. 
As alxlvl' 
I'DI' 10 MII~ BO1BH SIIPP''''t. 


As alXIII' for 10 MII~ H02BH SIlPPlllt_ 
Noll': C-2/lt; and KI.I.-2BG and 
ASM-2BG I1Il1st Ill' IJl'den~1 sl1larall'ly. 
IlIC~: PC 1\'1'host sofllla!'e. 
Inl'ln(JI'S 


ICEVII·;\\"· 
II indoll'l'd 
Inll1lan 1l1I.t'nael" 


Notl': FIO'; 
prolll'S, 
chassis, SOnll,J1\', mlll.,s 
alld iI'-\'1' 
optioos aI\' al<lII,IIII(' sl'pal';Hd~. 


PIlfJ6IUMIfIEIl 
SIJPPfJIlf' 


AEDIT Is a Cull-screen text editing system designed specifically 
Corsoftware engineers and technical 
writers. 
With the facilities 
for automatic 
program 
block Indentation. 
HEX display and input. and full 
macro support. 
AEDlT is an essential tool for any programming 
environment. 
And with AEDlT. the 
output file is the pure ASCII text (or HEX rode) you input-no 
special characters or proprietary 
formats. 


Dual file editing means you can create source rode and Its supporting 
documents at the same time. 


Keep your program 
listing with its elTOrs in the background 
for easy referenoe while correcting 
the 
source in the foreground. 
USing the split-screen windowing 
capability. 
it is easy to compare t'M! files. 
or copy text from one to the other. The DOS system-escape command eliminates the need to leave the 
editor to compile a program. 
get a directory 
listing. or execute any other program 
executable at the 
DOS system level. 


There are no limits Illaoed on the size of the file or the length of the lines processed with AEDlT. It 
eYen has a batch mode for those times when you need to make automatic 
string substitutions 
or 
insertions 
in a number or separate text files. 


AED'T I'EATIJIlES 


• 
Complete range of editing support-from 
document prooessing to HEX rode entry and 
modification 
• 
Supports 
system escape for quick execution 
or PC-DOS System level oommands 
• 
Full macro support 
for complex or repetitive 
editing tasks 


• 
Hosted on PC-DOS and RMX operating 
systems 
• 
Dual file support 
with optional split-screen 
windowing 
• 
No limit to file size or line length 
• 
QUick response with an easy to use menu 
driven interfaoe 
• 
Configurable 
and extensible for complete 
control or the editing prooess 


rowERl'll£ 
TEXT EIII'I'OIl 


As a text editor. AEDIT is versatile and complete. In addition 
to simple character insertion and cursor positioning 
commands. AF:DIT supports a number or text block 
processing commands. Using these commands you can 
easily move. copy. or delete both small and large blocks of 
text. AEDIT also proVides facilities for forward or reverse 
string searches. string replacement and Query replace. 


AEDIT removes the restriction 
or only inserting characters 
when adding or modifying text. When adding text with 
AEDIT you may choose to either insert characters at the 
current cursor location. or over·write the existing text as you 
type. This flexibility 
simplifies the creation and editing of 
tables and charts. 


IlSER INTERl'tlCE 


The menu-driven interface AEDIT provides makes it 
unnecessary to memorize long lists of commands and their 
syntax. Instead. a complete list of the commands or options 
available at any point is always displayed at the bottom of 
the screen. This makes AEDIT both easy to learn and easy 
to use. 


I'IlU I'UXIBIUTY 


In addition to the standard 
PC terminal 
support provided 
with AEDIT. you are able to configure AEDIT to work with 
almost any terminal. This along with user·definable macros 
and full adjustable tabs. margins. and case sensitivity 
combine to make AEDIT one or the most flexible editors 
available today. 


MtiCIlO SIlPPflRT 


AEDIT will create macros by simply keeping track of the 
command and text that you type. "learning" 
the function the 
macro is to perform. The editor remembers your actions for 
later execution. or you may store them in a file to use in a 
later editing session. 


Alternatively. you can design a macro using AEDIT's 
powerful macro language. Included with the editor is an 
extensive library of useful macros which yuu may use or 
modify to meet your individual 
editing needs. 


TEXT PIlOCESSING 


For your documentation 
needs. paragraph 
filling or 
justification 
simplifies the chore or document formatting. 


Automatic carriage return insertion means you can focus on 
the content or what you are typing instead of how close you 
are to the edge of the screen. 


SERYICE, SIlPPOIlT, tlNII TRtllNlNG 


Intel augments its development tools with a full array or 
seminars. classes. and workshops: on·site consulting 
services: field application 
engineering expertise: telephone 
hot·line support: and software and hardware maintenance 
contracts. This full line of services will ensure your design 
success. 


IIOST SYSTEM 


AEDIT for PC·DOS has been designed to run on the IBM- PC 
XT. IBM PC AT. and compatibles. 
It has been tested and 
evaluated for the PC-OOS3.0 or greater operating system. 


Versions of AEDIT are available for the iRMX"·86 
and 
RMX II Operating System. 


OIlDERlNG INFORMtiTION 


D86EDlNL 
. AEDIT Source Code Editor Release 2.2 for 
PC·DOSwith supporting 
documentation 


122716 
AEDlT·DOS Users GUide 


122721 
AlmIT·DOS Pocket Reference 


RMX864WSU 
AEDIT for iRMX·86 Operating System 


R286EDl286EU 
AEDIT for iRMX II Operating System 


For direct information 
on Intel's Development Tools. or for 
the number or your nearest sales office or distributor. 
call 
800-874-6835 
(U.S.). For information 
or literature on 
additional Intel products. call 8()()'548·4725 
(U.S. and 
Canada). 


IN'l'E£ IC-86 
R4.0 
COMPILER 


Intt'l's iC,·86R4.0 is a new generation C compiler fOl'the 80861186 family of mi('rOpl'lN.'I~OI'li. 
providing unparaileltxl performance for embedded microproClossordesigns. In addition to 
outstanding execution speed, Intel's iC-86 also offers lo\\' memory consumption. ~O\lability. and 
easy debug. 


• State·of·the·art code generation technology 
• Built·in functions for automatic machine code 
generation 
• 
ROMabiecode and libraries 
• OutstandlOg optimization 
• 
Inte~ratell debugging with IntellCEN and 
!'ICEN 
• Compliance with draft ANSI standard 
• Supports multiple memory models: Smail, 


Medium, Compact, and Large 


• LinkalJlt' \\lith otlll'!' In1<'1HOH{;lanj(uag('s 
such as ASM·H6 and 1'1J~I·Ht\ 


• ROMabl('and rt'\'ntrant Iihraril'S 
• Ability to mix m('mory modl'ls III ith "Ot'ar" 


and "far" pOlOtel'l\ 


• Compatible with otht'r C mmllill'l'l\ and I'IJM 
providinj( both standard C and I'I~t 
('ailing 
conventions 


inter-------- 


10; and 1110. an.' Uadl'INn.!'Il/lmt'l 
Cur"'lfat~M'1 


Inld 
ClIq)lrnlNlI'l 
<I:oL'IUnK'1'l n" 
"'~rll,nlllhlhl~ 
'UI' 1111' Ulll' 
,~ fin) 
I'ln'UIU~ 
I~n..·rtMn 
f1I'l'Ullr) 
l'1llhlN\II~lln 
un 
Intl'lllJ'l~t11l1 
Nu 
._111'" 1'tn'U111~IlI'flC hnl1N'1'l 
ilTl' 


mllJhl'tJ 
lnf'lflnalklll 
('l,nIDUlt'tl 
lll'n'ln 
~UPl'ri'll,'lk'!lII"'\IUUllI) 
puhlj~Ill'(f 
:IoI1l~~hraUtlnlllln thl'lll' 
lh'\U1'l1 
(run! 
l!lId 


BIJ'''f'-1N 1I!N(;f'IONS 


lC86 R4.0 is loaded with built-in functions that directly 
generate machine rode within the C language. ie-86's built- 
ins eliminate the need for in-line assembly language 
programming 
by allowing you to program in a high-level 
language all the time. speeding software development and 
simplifying 
software maintenance. The built·ins also allow 
)00 to deYeIop highly optimized rode by extending the 
lXlIDpiler instnll1lon 
set-with 
built·ins you can enable or 
disable interruptS and directly control hardware 110 without 
having to exit C for assembler. This means ~'Oucan write 
high performance software for real time applications without 
having to keep track of every architectural 
detail. as you 
would In assembly lanRuajle. For example. to generate an 
INT instruction. 
)00 simply type: 


cAuseinterrupt(number) 


Or. the folkJwing iC-86 instruction 
will caUilCthe pnlcessor 
to come to a halt with interrupts enabled; 
halt( 
) 


EMIIBDDED aJMPONENI'SlJrrfJIlf' 


1G-86was designed speclncally for embedded 
microprocessor applications. 
1G-86produces ROMable mile 
which can be loaded directly Into target systerQs via Intel 
ICE emulators and debugged without modifir,ation for fast. 
easy. development and debugging. 
.'''''''1' on'IfI'ZED 
1G-86Is based on Intel's latest code generation techniques 
for developing bigh·performance applications. and has been 
optimized for developing embedded applications. 
fbur levels 
or optimization 
are available. Important optimization 
features include a jump optimizer and improved register 
manipulation 
via register history. In addition. the PI1M 
calling convention will improve performance signiFicantly. An 
example or the optimization 
in iC-OOR4.0 is its out.'ltandlnR 
performance on the Dhrystone benchmark. Using a Compaq 
386. iG-86 produced the folkJwing results: 


Microsoft 4.0 
Microsoft 5.0 
Intel iC-86 
Execution 
Speed 
(dhrylscc) 


RIiN-f'lIfIE 
SlJPrfIIl'I' 


STOIO run-time libraries for iC-OOare tarw,wd to a generic 
POSIX interface. with documentation provided for interfacing 
with your embedded target system. This means you can 
r.asily retarget the libraries for use in your target 
application. reRardlcss or operating system. These libraries 
support the lXlIDpiete draft ANSI standard. fur iC-OO 
versions on DOS. Intel provides the interrace between the 
STDIO libraries and the DOS operating system. This allows 
)00 to develop. test. and debug your embedded application 
oode on DOS. or write applications directly for DOS. 


'NJ'EGRtlJ'ED 
DEBIiG 'I'fHJI.S 


ie-86 has been designed t.owork with Intel's ICb:family of 
In-eiocuit emulators (PICE. ICE·J86. ICE·286. and ICE-386) 
and performance analysis Imls (iPAT). Intel software 
debuggers. linkers. locators. and other software 
development. IAXlls.In addition to t.heobject records required 
for program execution. iC·86 object code contains detallffi 
debug records t.hat describe the actual symbols and variable 
names you defined in your souoce code. A comillete listing 
rile can also be produced. Intel's "Integration by design" of 
all development tools. including iC,RIl. will speed the 
development of your embedded microprocessor applications. 
Figure 1 iIIust.ratell the steps in I!<ling from C source rode to 
PROM-or ICE-loadable object code with iG-86. 


SER.,,(;E 
tlND Slirl"Oll'l' 


Intel's development tools are backed by our 'Mlfldwide 
service and support organization. which is set up to deal 
with problems encoontered by embedded component 
designcrs. Our field apllllr.alKm experts get )00 up and 
running qUickly. and our hands-on training 'Mlrkshops 
ensure that you have a thorough understandmg or how our 
tools work. Intel compilers come with 90 days of technical 
support. troubleshooting guides. application newsletters. 
and optional support contracts. 


11<ll'III\,ur 
1~~lllil'C'llll'IIIS 
1I1~11'(' \'1' Ill" \'I' (or 
I()()')(, 


mll1p,lllhlt') 
1'I1111111t;! 
DOS :Ul 


Ill' ~1'('att'1' 


~h'll1or, 
l'I'qllill'lll<'lIls: 
:; 121\ II, II"; 01 f.: \ \1. Il,ml <lis, 


:-:Jl'ollgl~ 
l'I'l"1.llIllIlt'lllh'(! 


lC·llti t'lllIIplit's 
I\lth 
III<' 11I1ll; \:1.111 INSI <Iran 
pro'''''11 


for lilt' C PI'tlt.!1'i1l1lt11l11g 
lallgll;ll't' 


HIGH PERFORMANCE 
REAL-TIME 
EMlJl.ATlON 


Inlers 
ICE·186 
emulatnr 
delivers 
real·time 
emulation 
lilr the 1I0e I RG microp"x"'S:i<>I' 
at SIXllls 
up tu 


12.::' \IHz. 
The in·circuit 
emulator 
is a vrrsalllr 
allil l'nldl'lIt tlXllli>r 
c1ewloplilg. 
dehugglllg 
anu 
testing 
products 
c1esigned with the Intel 80CI R6 micNlpnx','s.';or. 
The ICE· I Rri elllulatol' 
pi'" 
id['s real 
tUllc, [ull speed emulation 
in a user's syslRm. 
Popular 
[('aWn's 
StICh as s)'lllholit' 
dt'hug. 
21>. h)t"s 
trace memory. 
and single·step 
program 
ex('cutlon 
an' standard 
on Ih,' I(XIHri 
"Illulatol'. 
Intd 
pro\'iu['s 
a complete 
development 
environment 
using <lss('IllIlI('1' (-\S~llIli) 
,Is \It'll 
as 11IgII·I,wl 
languaW" 
sucll as Intcrs 
iC86, PLlM86. 
PaSl'al 86 and "',rtran 
116to <H1't'I[,l'i1ll' ,1t'\('lopnlt'1ll 


Sl'hedules. 


The ICE· 1116emulator 
supports 
a subset o[ the ROCI Rn [<'atUN'S at 12.;' \lIlz 
and al I II" '1"1'1.1('\('1 


characteristics 
of the component. 
The emulaWr 
Is host('d on 1I~~rs I't'I'SoIl1l1 Olllll>lI!"1' 
\'1: all't'a(1) 
a\ailable 
as a standard 
development 
solution 
in most 01 [(xla) 's l'I1gilll"'I'ing 
('n\il'onl1l,'ll!s. 
Th(' 
IeI'> 186 emolator 
opcratcs 
in prutotype 
or standalon(' 
nMIt., 
<1110\\ing :i<,lhlal't' 
dt'\('loplll['1l! 
and 
debug 
before a prototype 
system 
is availahlc. 
Th[' ICE· I Hli ,'nlliialor 
is id['all) 
SUllll! 
for dt'\('loping 
real·time 
applications 
such as industrial 
automatioll. 
l'OmJ>ll!el' IX'l'ip/wrals. 
l'Ollllll'lIlirations. 
offiCI' 


automation. 
or other 
applications 
reqoirlllg 
th,' full PO\\('I' of th(' 
12.;; \lIlz 
1I0C Illti 
nlirropI'tXl'S.'ior. 


ICE'"-IB6 
FEATIJRES 


• 
Full 
12.5 \IHz 
Emulation 
Spccd 
• 
21-.:Frames 
Deep Trace Memor) 
• 
Two·L('\cl 
Breakpoints 
with Occurrence 


Counters 


• 
Single·Step 
Capahilil) 
• 
12RJ.,.Bytes Zero \\'<lIt·State 
~lapped 
\lemory 


• 
Supports 
DR.·\\1 Refresh 
• 
High·Le\·el 
Language 
Supporl 


• 
S)mlwlli(' 
Iklllig 


• 
KS·232·C ,ulli 
(;1'111COllllllllllirati"n 
Links 
• 
Crystal 
I'()\\(,I' 
\<l"'S:i<II') 


• 
Intt'rfal'e 
f,,1' Intell'[,l'fol'llwlI<l' 
\lIal\sis'lix,1 
(11'\'1') 
. 


• 
InleJ'[a('(' [oJ' Optiollal 
(;['II[,l'al 
I'urpo$(' 
Logic 


Anal\'~"J' 


• 
Tutorial 
Software 
• 
(),mpll't" 
Intd 
S('r\ i[',' and SlIprwlrl 
infef---------- 


h••.• 
C;"ll"lf.lbon 
••••..•1••11•.•.. nu 1'''I.oIII 
•• ,I"hl\ 
I", 
III<' 
u,",' 
14 ;11''1\ nrnl"n 
till", 
llIOln IUIll,ln 
t'lntulll~11Ililfl Irdd'lf.dlll' 
, •• ,~I"'I "H\lI1 ,~.'·11hllll"'-S 
.Ift' 


1Il11~,,·J,1I1,,1I••••b ••.•"Il'lI,II •• ,j """1' 
!>UI.'~'\It":> l'rt"I,,~1\llul~I.J.'t1 
i'>l"'nh.-;lltll'»- 11/'11,',,',10'\,., 
•••rn~IlIrMd 
,11111Ii'>".III~" hi, h,u~'- ",th'll" 
Idlll' 


S,'III."nb,. 
lHAA 


{ 
Inlt'lI~"'I ••r;KI"'l 
I'tWl 
lInl., 
'111111 
.• ., 
.lHlI'~~,~.':i 


H.6HES1' 
EMIlLA.l'ION 
SPEED 
A.t'A.'LA.BLEJ'ODA.I' 


The ICE·186 emulator supports development and debug of 
time-erilical 
hardware and software using Intel's 12.5 Mllz 


ROCIR6 microprocessor. 


RE1'RA.CE SOJTWA.RE 1'RA.C"S 


This emulator captures up to 2.048 frames of processor 
actil"ity. including both execution and data bus activity. With 
this trace memory. large blocks of program code can be 
traced in real time aotl ViNCd for program now and 
behavior characteristics. 


HA.RDWA.RE BREA."ro'NJ'S 
FOIl 


COMPLEX 
DEBIl6 


User.<Jefine<.l"TII.-'I'H«;N" breakpoint statements stop 
emulation at specific execution addresses or bus events. 
During the hardware and software integration phase. 
hreakpoint statements can be defi~ed as exccution 
addresses andlor bus addresses andlor bus access types 
such as memory anti 1/0 reads nr writes. Additn>oally. event 
counters pM'ide 
another level of breakpoint control for 


sophisticated state machine constructs used tll specify 
emulation hreakpointsltracepoints. 


SMA.LL OR LA.R6E S1'EPS 


;\ stepping command can be used to view program 
eXl'f'ution one instruction at a time or in preset instructlnn 
blocks. \\ hen used in conjunction with symbolic debug. code 
execution can lx' mouihll'Cd quickly and precisely. 


DEBIl6 
CODE W'1'HOIl1' A.PIlOJ'01'I'PE 


Even before prototype hardware is availahle. the ICE·186 
emulator working in conjunction with the Crystal Power 
!\ccessory (CP.\)creates a "virtual" 
application environml'llt. 


128K bytes of zero wait·state memory is available for 
mapped memory and 1/0 resource addressing in 4K 
increments. The CPAprovides emulator diagnostics as well 
as tilt' ahllity to use the emulator without a prototype 


DON '1' LOSE MEMORI' 


The ICE·1R6 emulator continues DRAM refresh signals even 
when emulation has been halted. thus ensuring DRAM 
memory will not he lost. During mterrogation mode the 
ICE·186 emulator will keep the timers functioning and 
correctly respond to interrupts in real·time. 


H.6H 
LEt'EL MN61lA.6E 
SIlPPOR1' 


On'M'ZED 
FOR 'N1'EL 1'OOLS 


The ICF.·1R6 supports emulation for programs written in 
Intel's AS~186 or any of Intel's high·levellanguagcs: 


PlAI·86 
Paseal·R6 


l'ortran·86 
C·R6 


These languages are optimized for the Intel 80186180188 
component arehitcctures to deliver a tightly inl.e€rated. high 
performance development environment. 


IlSER-f'R'ENDLI' 
SI'MBOLICS 
A.lD 'N 


DEBIl6 


Symbnlics allow access to program symhols hy name rather 
than cumhersonw physical addresses. Symholic debug 
speeds the debugging process by reducing reliance on 
memory maps. In a dynamic del"eklpment process. user 
variables can be used as parameters for ICF.·186 commands 
resulting in a consistent debug environment. 


SIlPPORJ'S 
f'A.S1' BREA"S 


"I'astbreaks" ISa feature which all(JWsthe emulation 
processor !ll halt, access memury, an<.lreturn to emulatlun 
as qUickly as possiule. A fastureak uelel' takes more than 
5625 clock cycles (most tylJt'S of fastbreaks are 
considerably less). This feature IS particularly 
usefulm 


cmbe<.l<.ledapplication~. 


MIlLl'IrU 
H'GH-SPEED 
COMMIlN.CA.J'lON L.NIlS 


Two communication links are availahll' for use in 
conjunttion 
wilh the host IBM PC '\T. The ICE·180 emulator 


uses either serial (I<S·232·C)or a paralll'l (GPIB) link. A user 
supplied Nationallnslruml'Ots 
(IE«;E·488) GPIB 


communication board provl<.I('Sparallt'i transfers at rates up 
1Il 300K bytes per sl'f'ond. 


SOJTWARE A.NA.LI'S'S (,rA1') 


Intel's Performam't' AnalYSiSTool (iI'\T) is designed to 
increase team productiVity With featurrs like interrupt 
latency meaSUl'l'mrnt. cotle co\l'ra(,'t' analYSis and software 
module performance analysis. TheS!' features enable the 
user !I) design (,'!iahl('. high p('f'formancl' emt~.'dded rontl'Ol 
products. The 10:-186 emulator has an external 60 pin 
l'OnOl'Ctol'fOJ'tP'\T. 


BIl'L1'-'N 
SIlPPOR1' roB 
L06.C 
A.NA.LI'S'S 


General·purpose logic analyzers can be used in conjunction 
\\'Ith the IC~;·186 to PilI' ill<' 1II'tilil(\1 timing of specific 
events. Th!' ICE·186 ('mulator IJI1IVld('San external sync 
Signal for tl'lgg!'ring logic analysis. making complex trigger 
Sl'Qul'n('(' programming ('as~.. \n a<.l<.lltional60 pin conneclllr 
is mcluded ii)r th(' logic analyzer. 


WORLDW'DE 
SERt'lCE 
A.ND SIlPPOR1' 


The JC~;·IR6l'mulator 
is supported by Intel's worldwide 
Sl'rvicl' ami support organization. Total hardware and 
soft wart' support is availahii' including a hotline numher 
when the nl'(,1 is there. 


rEIlSONlll. 
CO/flrlJTEIl 
IlE(}IJIIlE/fIENTS 


The ICI:;·J86 ~mulator iti hotited on an IBM PC'\T. Thr 
~mulator has hern tested and evaluated on an IBM PC AT. 
The PC .\T ITIlJstlTlt't't Ih~ following lTIinimum requirements: 
• 6401' Byteti of \J~mory 
• 
Int~1.\bO\e Iloard \lith at I.east 1~lllyt(· of I::xpansion 
\Jemory 
• One 3601' Bytes or One 1.2\1 !lyles floppy Disk Drive 
• One 20\II3\les 
Fixed·Disk Dril'e 


• 
PC [)OS 3.2 or Later 
• .\ serial Port (CO\ll 
or Cm12) Supporting \1inimally al 


9600 Baud Data Transfers. or a ~ationallnstruments 
GPIIH'C2\ 
board. 


• 
IB\I PC .W BIOS 


rHI'SIClll. 
DESClllrTlON 
IIND 
CHIlIlIiCTEIlIS'I'ICS 
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OIlDER'NG 'Nl'OIlltl,4l'ION 


ICE186 
ICE-I86 System including ICE software 
(Rtxluires DOS 3.XX PC AT with Above 
Board) 


ICE 186AB 
ICEI 8611'AT 
ICE 186 with Above Board included 
ICE-186 System Including ICE SIW 
packaw,s and the IPATsystem (Requires 
DOS 3.XX PC AT with Above Board) 


D86ASM86NL 
86 macro assembler 86 buildertbinderl 
mapper utilities for DOS 3.XX. 


D86C86NI. 
86 C rompller and run time libraries fur 
DOS 3.XX. 


D86PAS86NL 
86 Pascal Compiler CorDOS 3.XX. 


DIl6PI.M86NL 
86 PUM compiler CorDOS 3.XX. 


D86FORB6NL 
86 Fortran compiler for DOS 3.XX. 


ICEPATKIT 
iPATKit (Performance Analysis 1ml) fur 
ICE 186 


ICF.XONCE 
Adapter for on-eircuit emulatiun 


ICEXLCC 
Adapter for LCC component 


ICEXPGA 
Adapter Cor PGA component 


ENJ'lllONltIENl'A£SrEC'I'I€,4l'IONS 


Operating Temperature IOOCto 400C Ambient 
Sturage'lemperature 
-40OC to 700C 


HIGH PERFtHlltlllNCE 
REII' __TIItfE EItfIJUTlON 


Inters ICE·l88 emulator delivers real·time emulation for the 80CI88 micropnl('l~~lr 
at spl~'ds up to 
12.5 \IHz. The in·eircuit emulator is a versatile and efficient tml fol' dl'\l'loping, debogglllg and 
testing products designed with the Intel8OC188 micropl'ocessor. The Icr:-1811l'lllulalHI' Pl"lidl~ 
real 
time. fuil speed emulatioo in a user's system. Popular featul'l~ such us s~mbolic l!L'bug. 21\ h~tcs 
trace memor~, and single·step program execution are standard on the ICE·IHHl'lIlulator, Intel 
pM itles a compldc development environment using assemblL'rW;Mll(») as \\l'iI as high·bl'l 
languages such as Inters iC86. PUM86, Pascal 86 and Fortran Bti to al'l'l'!('mu' dl'\l'lopml'Ot 
schedules, 


The ICE·l88 emulator supports a subset of the 80C188 featul\':i at l:l.~ ~ll1z and at lilt' '1''1'1.leld 
characteristics of the component. The emulator is hosted on IBM's Personal Computer .\'1',already 
al'allahle as a standard development solution in most of to<.Iay'sl'Oglmwing 
('11\ il'OrIUH'rItKThl' 
ICE·J 88 emulator operates in prototype or &antlalone modl'. allo\\ ing soft\\art' dell'lopment and 
debug before a prototype system is available. The ICI<:·188 l'mulator is id('ail~ SUIU\! for del('loping 
real-time applications such as industrial automation, computer pl'ripherals, communications. office 
automation, or other applications requiring the full powcr of the I2':; ~t1lzSOCISH Illi('roprex~'ssor. 


ICE"·' •• 
FEtll'lJRES 


• 
Full 12.5 MHz Emulation Speed 
• 2K Frames Deep Trace Memory 
• T\\o-Level Breakpoints with OCCorrence 
Counters 
• Single-Step Capahilit~ 
• 
128K Bytes Zero \\ail-State \lapped Memory 
• Supports I.)K:\~1Kefresh 
• 
High·LeI·el Language Support 


• 
Symholic Ill'!Jug 
• 
RS-232-Cand CPIB Communication Links 
• Cr~stal PO\\CI''\l~\':i~)r~ 
• 
Inlt'rfaCt' for Intl'! l'erformalll\' 
\nallslsTIXII 
(iPAT) 
• 


• 
Intl'rface fol' Optional (;('nl'ral I'Ul'pllSCLogic 
'\nal~z('1' 


• Tutorial Soft\\are 
• Compll'te Ifill'! Sel'\'il'l' anll SlllllXJrI 
inter---------- 


Iml'l 
CnrlMlt"tMifl 
ds,un",:o; lI'II'\'SI.'l'l'>Ih'hl~ 
flit Jill· 
IN' III m~ ,1n1111r~,.rr·r 
lhim 
I'Irl1t1l~ 
"lIIlulll~1 
In ,m 
1I.1'I11I,.111I1 
\1I1.lll'r 
Ill'nll. 
I~lh'r. 
IN ,'11•••"" ,II" 


1II11111"d Inr"rnl;llh,n 
rollJl.<lIIIt-,,] 
Ill'l"I'ln sur,••rSl'(kos 
11n'\ 11l11Sl~ IIUhllsh!11 
SI.~"jr"aFillns 
(In 
• Ill'S!' 
lk'\ 
1l''lI 
frlllll Inll'l ;11111IS sllh~'n 111dl.II\1.~.•••,IIIl~11 l\'~" 
,. 


Sl'I'lt'ml."'.1!lHH 


o:,lnll" 
L'lf'_lI'itW<n 
19W1 
11I,h'r 
\uml.'r 
!HlIHII,IIrI\ 


HIGHES'I' EItIIJLA'l'ION .t;PEED 
AttAILABLE mDAI' 


The ICE·18B emulator 
supports 
deVt'lopment 
and dl'bug of 
tilllNritlcal 
hardware 
and software 
using Intel's 
12.:i MHz 


ROCIRIl microprocessor. 


This I'mulator 
captUI'l'S up to :!.l141l fralllcs 
of J)I'II('('s.~or 


altivity, 
inl'iuding 
I~lth cxccution 
.lnd data l)Us .Ictivity. 
With 


this trarc 
Ilwmory. 
larl,'t' hhK'ks of pmgl'1lm rock' ('<In hc 


tl'arl'd 
illll'<l1 
tiflll' 
<lnd virwl'd 
for pmgram 
flow and 
Ilt'havilll' 
"'~lrarI1'l'istirs. 


HARDWARE 
BREAIlPOIN'l'S 
FOIl 


COItlPLEX DEBIJG 


IISI'I'·(kl'illl~1 
"TII.·TIIr:N" 
Im'akjx,illl 
SIaII'nll'IlIs 
slop 


l'flIlIl,i1ion 
<It spI~'ifir 
1'\I'rOt~JIl addl'l'Ss<'s or hilS l'wlllS. 


IJIll'ing tlx' hal'<lII<II~' iJlld softllal'l' 
illt('gl'atioll 
plwsl'. 


IIll'aklHlint 
Slall'flIl'llls 
mil 
lit' IIl'!illl'<I 
as ('\I'rlliioll 


wl<lI"SSl'S and/ol' hus addl'l'SSl'S amliol' 
hilS illWSS t~ pi'S 


Slll'h as flIcmol'~ 
alld I/O l'I'ads or IITill'S. 
·\(ltlili"nall~. 
1'11'111 


rOIJlIII'1'S J)['O\illl' anOUl('r Il'wlof 
hr('akl~,int 
mntl'Ol [IH' 


sophlstirah'd 
St<ttl' machine' mnstrur!s 
uSl~1to SJII~'ify 


I'mulation 
1H'l'akIXlinL~l'ac('pl)ints. 


" sU'I)pillg 
comrruHld can h(' us(~l to I'i('\\ 
IJIlll/ram 


('X('CUtioll 0111'illstruction 
ut a timc or in prcsct 
instrll(tion 


blocks. Whcll uSl'd in conjullctiflll 
with SyflllXllic 
ddJUg. cod(' 
('xcrution 
am bl' monitort'd 
Quickly alld pl't'risely. 


DEBIJG CODE WI'I'HOIJ'I' A PRO'l'O'I'I'PE 


~:wn llt'fol'C Pl'lltotypt' 
hal'dwal'l' 
is availahl('. 
the ICE· 188 


('mulaUlI' working 
in conjunction 
with thc Crystall'owl'r 


ACr('SSlJl'~(CI'A) CI'I'aU'S a "\II'\ual" 
application 
('nvirunmcllt. 


12flf-: hV!l'S of zml 
wait·sWU' m('moI'Y is availablr 
for 


Illal)Pl~; 
mcmory 
and 110I'I'SOUI'I'Ca.i(h~'Ssing III 4f-: 
Incl'('III('nls. 
Thl' CI'A pmvid('s 
('lIlulator 
diagnosti(~~ as 11'1'11 


as the ability 
to USt' thc cmulator 
witIJout a Pl'ototypc. 


The ICr;-lflIll'lIlulatol' 
mntinucs 
DRAM n'l'n'sh 
signals 1'\I'n 


IIIll'n 
I'lliulation 
lias Ix~'n 11nItcll, t.blls ('nslll'ing 
IlRAM 


11I('1II01'Ywill not IX' losl. DUl'ing inU'I'I'(lI/ation 
I1IINII' till' 


10;· IflIl l'lllulator 
will kl'l'p thc tlIllCI'S I'unrtionillg 
allli 


mrrt:l1-ly 
ll'SINlIl<l hi illll'I'I'Upts 
in n'al-tillll'. 


HIGH LEttEL MNGIlttGE 
SIJPPOR'I' 
O,..,.,ItIIZED 
I'OR IN'I'EL mOLS 


Thl' ICI':-I flfl SUPINlI'L~('Illlilal,ion 
1'01'pmgl'allls 
wl'ittl'U 
in 


Inu'l"s ASMllli 
01'any 01'InU'I"s high·II'vI'1 I<lngoagl's: 


I'IJM·Il(i 
I'asml·flli 


"ol'tmn·lI(i 
C·fl(i 


'I'II('SC'latlglli~I'S 
an' opl.il1li~~~II(lI' 1.I,,'llIld 
110IfllllllOIflfl 


IXlIIIINlIll'nt 
at'I'lIil(~'lln'('S 
III dl'li\~'I' 
a Iigl,t.Iy intl'~I'all'll. 
high 
1II'I'I'III'I1I,lnl'l' Ih'VI'IIII'IIIl'lil 
('111'11'11111111'111.. 


IJSER-I'RIENDLI' 
SyltlBOLICS 
AID IN 
DEBIJG 


Symholics 
allow access U1pmgrall1 
symbols 
hy naml' rmhl'r 


than cumllersoJnI' 
physical 
addr('sS/'s. Symbolic 
d!'lmg 
Sr)l'(~ls HI(' dl'bugging 
pl'll(,('S.~ hy 1'(~luring I,'lian(~' 
on 
ml'mory 
maps. In a dynamic 
dl'V!'Iopl1ll'nt 
prlx'I'Ss. 
USl'r 
I'Hriahh'S mn IX' uS/~1as J~,ramrte'rs 
lill' 10:·lflIll'llllllllands 


l'l'Sulting 
in a ('olisisU'nt 
II!'1mg l'I1virunnll'nt. 


""'asth,,,aks" 
is a l'mtul'(' 
IIlIil'h 
allows Ihc cll1ulation 
pnN~'s.<;()1't.o Imll, a(,~'s.~ IllI'mol'Y. and 1'(1\11'11 
w,'nllliation 
as qUirkly 
,IS IXIs.~ihlr.- .\ 1)lsthn'a~ 
nl'VI'1' 1<i~,'SIllOI" lllim 
:in2", rhX'k r~r1I'S (flIoSt IYIN'S of faslhn'aks 
ill'I' 
l'onsidl'l'ahl~ 
h's.~).This h';illll'I' 
is pal'til'lllarl~ 
IIsl'l'ulll1 
l'I1IIX'<I<lI~1apphl'ations. 


IfIIJL'l'IPLE HIGH-SPEED 
COItlItlIJNICA'I'ltIN LlNMS 


Two rommllniration 
links all' alailahl<' 
1'01'US/' in 
mn/ulll'tion 
lI"itli thl' I~.~t lIl~ll'C 
·\T Th('ICI';'IBB 
l'mllimol' 
USl'Sl'ithl'r 
Sl'l'ial (RS·2:12·C) or H pal'alll'l 
(;PII~) 
lin~. :\ US/'I' 


supplit~1 'Mional 
InstrumcnL~ 
(I~:~;~>lflfl) 
GI'Iil 
mmmunication 
1~lar(1 pmvi(lt~s parHII!'I transfl'cs 
at ratios up 


to 300f-: byll'S I)('r second. 


SOITWARE 
ANALI'SIS 
(IPA'I') 


InU'I"s l'('rfOJ'l1Ianc(' Analysis 
Tm)1(IPA1) is dl'signt~l 
to 
incrt'aS/' u'am productiVity 
with feaLUCl'SIikl' int~'l'nJpt 
lau'nry 
1ll,,asull'm('Jlt, 
code (~JV('rah't'analysis 
and softwart' 


module performance 
analYSis. Thl'Sl' fcaturt'S ('riahll' 
the 


uSl'r to dt'Sign rt'liahlc'. 
high performancc 
I'mbt'ddl'd 
mntml 


pmducts. 
The IC~;'lfl8 
emulaUlr 
has an cxternal 
(iO pin 
eon Ill~tor 
for i1'-\'1: 


BIJIL'I'-IN SIJPPOR'I' I'OR WGIC 
ANALI'SIS 


Gl'Ill'ral·purptlS/' 
Itll/lc analyZl'l's 
can IX' UStxl in mnjunctiun 


with the IC~;'I fl8 U1provilll' 
<lctaihd 
timing 
01'SIN~~ific 
I'Vl'l1L~.TIX' IC~;'I fl8 I'mulatol' 
I)I'I)I'I<I('San ('xu-rnal 
sYlll' 


signal for tl'iggl'l'ing 
logic analysis, 
making I'ompll'.x tl'igl:l'l' 


sl'qul'n('1' pl'ogl'allll1ling 
l"ISy. An a<l<litionnlliU 
pin l'onnl'ctor 


is Inl'lIJ(h~llill' 
thl' IllI/ir lInaly~~'I'. 


WORLDWIDE 
SERJIICE AND SIJPPOR'I' 


'1'111'IC~:·18fll'mulator 
is sUPIXlI'tI~1 hy Intl'l's 
worldwidl' 
S/'I'vi(~' and SUPlxllt ol'ganlz<ltion. 
Total hal'dll'<II'(' and 
S/11't.wHl'I'sUPlxlI'l. is availahll' 
il1cltllling 
a hotlil1c numlll'I' 


whcll I.h(' 11l~~1is thl'l\'. 


PERSONII£ 
CO/tJPlJTER 


REf)lJIRE/tJENTS 


The ICF:-188emulator is hosted on an IBM PCAT.Th<' 
emulator has hl't'n tested and e\aluat('d on an IBM PC AT. 
The PC AT must, ml't't the folluwing minimum I'('qui('('ments: 
• 6401' Bytes of Memory 
• 
Int!'1 ~hove floaro with at Least 1M Byte of r:xpansion 
~Iemory 
• One 3601\ Bytes or One 1,2\1 Bytes Ouppy Disk Drive 
• One 20M Bytes Fixed·Dlsk Dme 
• 
PC [)oS 3,2 or Later 
• .~serial Port (CO~11or CO\I2) Supporting Minimally at 
9600 Baud Data TransfeJ's. OJ'a I\ational Instruments 
GPIB·PC2~ board. 


• 
113\\ PC .\'1' BIOS 


PHI'SICIIL 
DESCRIPTION 
IIND 


CHIIRIICTERISTICS 


The ICE·l88 Emulator consists of the following components: 
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Emul<lllJJ 
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lUAU 
:WAO 
1./0 
Ull 
:W.7t1 
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PCMt'r Sllppl~ 
l.hO 
I~.(XI 
11.-, 
10.70 
IIW 
'.!.7.HO 


l.••. 
'r Pruhl' 
Hli 
~Ull 
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I.f~) 
7.lKJ 
li,IIO 


l:Ot'f cahll' 


Plrr 
22.1X1 
;,:dKJ 


Ilin~' (.•1hll' 
3.·10 
II.I~J 


r.r~swl PlMI'r 
\n"sStll~ 
.j:tfl 
!fIHO 
fill 
1.:ICI 
6.70 
17.00 


(.P\ PIMl'" 


(~lblt' 
!lOti 
22!10 


E£ECTRICIIL 
CONSIDERIITIONS 


1n'1050mA 


1"1 70p.,\ Max. 
I" 
- 1.5mA Max 
1,," - 
1.0mA Max. 


H:E-, •• 
_.4C 
IHIrrw.- 
CO."I'fINI'.NF 
H:II-' •• 
.r;n:c 
.'lrtiC 
Sr•••• 
,.. •.•~kr 
/If,•• 
....". 
,,,,., 
1Ifa". 


T"\I;1. 
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A 
A-Bus, 1-02 
AID Converter, 1-33,4-01,4-09,4-19 


Actual and Ideal Characteristic, 4-13 
Block Diagram, 4-09 
Commands, 1-34, I-57 
Glossary, 4-15 
Interface Suggestions, 4-10 
Reference Voltages, 4-11 
Results, 1-34, I-57 
Sample and Hold, 1-34 
Sampling Circuitry, 4-10 
Suggested Input Circuit, 4-11 
Transfer Function, 4-11 


aa,2-01 
Absolute Error-AID 
Converter, 4-16 
Actual Characteristic-AID 
Converter, 4-15, 4-16 


ADO (Address/Data 
0), 4-20 


ADO-AD15 (AddresslData 
0-15),1-08 


ADD (Add words), 2-02 
ADDB (Add bytes), 2-03 
ADDC (Add words with Carry), 2-04 
ADDCB (Add bytes with Carry), 2-04 
Address 32-Bit Operands, 1-22 
Address Decoding, 4-24 
Address Valid Strobe Mode, 1-12 
Address Valid with Write Strobe, 1-13 
Address/Command/Data 
Bus, 4-31 


Addressing Modes, 2-01 


Immediate, 1-16, 2-01 
Indirect, 2-0I 
Indirect with Auto-Increment, 
1-16 


Long-Indexed, 1-16, 2-01 
Register Direct, 2-0I 
Short Indexed, 1-16, 2-0I 
Stack Pointer Register, 1-17 
Zero Register, 1-17 


ADV (Address Valid), 1-12 
ALE (Address Latch Enable), 1-08, I-II, 
1-12,4-09, 


4-20,4-26 


ALU (Arithmetic Logic Unit), 1-02 
Analog Inputs, 4-09 
Analog Interface, 1-33 
Analog Output, 4-17 
Analog Reference Voltages-AID 
Converter, 4-11 


Analog-to-Digital Conversion (AID), 1-33, 4-09 
AnaloglDigital 
Converter (D/A), 
1-35 


AND (Logical And Words), 2-05 
ANDB (Logical And Bytes), 2-06 
ANGND (Analog Ground), 1-33, 4-01, 4-11 
Assembly Language Addressing Modes, 1-17 
Auto Programming, 4-32 


B 
baop, 2-01 
Baud Rates, 1-38, 1-57,4-19 
BEA,2-01 
BHE (Bus High Enable), 1-08, 1-11,4-09, 4-20, 4-24 
Bit Operands, 1-14 
bitno, 2-01 
BR (Indirect), 2-07 
Branch, 2-07 
Break-Before-Make--AID 
Converter, 4-16 


breg, 2-01 
Bus (System), 1-08, 1-40, 4-09, 4-20 
Bus Control, 1-11 
Bus Timings, 4-21 
BUSWIDTH, 1-10,4-24 
Byte Operands, 1-14, 1-19 


c 
C Flag (see Carry Flag), 1-18 
cadd, 2-01 
CALL, 2-26, 2-40 
CAM (Content Addressable Memory), 1-28 
Carry Flag, 1-18, 2-41 
CCB (Chip Configuration Byte), 1-10, 4-36 
CCR (Chip Configuration Register), 1-10, I-59, 


4-21,4-36 
CEA,2-01 
Channel-To-Channel Matching-A/D 
Converter, 


4-16 
Characteristic-AID 
Converter, 4-16 
Chip Configuration Byte (see CCB), 1-10 
Chip Configuration Register (see CCR), 1-10 
Circuit 
Auto Configuration Byte Programming, 4-36 
Auto Programming, 4-32 
D/A,4-18 
Gang Programming, 4-33 
Oscillator, 4-02 
Reset, 4-04 
Suggested AID Input, 4-11 
Clear Byte Instruction, 2-08 
Clear Carry Flag, 2-08 
Clear Word Instruction, 2-07 
Clearing the HSO, 1-32 
CLKOUT (Clock Out), 1-03, 1-09,4-09,4-21 
CLR (Clear Word), 2-07 
CLRB (Clear Byte), 2-08 
CLRC (Clear Carry Flag), 2-08 
CLRVT (Clear Overflow Trap), 2-09 
CMP (Compare Words), 1·19, 2-09 


C (Continued) 
CMPB (Compare Bytes), 1-19, 2-10 
Code-AID 
Converter, 4-16 


Code Center-AID 
Converter, 4-16 


Code Transition-A/D 
Converter, 4-16 


Code Width-AID 
Converter, 4-16 


Compare Bytes Instruction, 2-10 
Compare Words Instruction, 2-09 
Complement Instruction, 2-35, 2-36 
Condition Flags, 1-18 
Conditional Jumps, 1-19 
Configuration Byte Programming, 4-36 
Content Addressable Memory (CAM), 1-28 
CPU (Central Processing Unit), 1-01 
Critical Regions, 1-26 
Crosstalk-A/D 
Converter, 4-16 


D 
D-Bus, 1-02 
D.C. Input Leakage-AID 
Converter, 4-16 
D/A Circuits, 4-18 
D/A Converter, 4-17 
D/ A Digital! Analog Converter, 1-35 
Data Program Command, 4-34 
Data Program/Verify 
Signals, 4-35 
Data Verify Command, 4-35 
DEC (Decrement Word), 2-10 
DECB (Decrement Byte), 2-11 
Decrement Byte Instruction, 2-11 
Decrement Word Instruction, 2-10 
DI (Disable Interrupts), 
1-25, 1-27, 2-11 


Differential Non-Linearity-AID 
Converter, 


4-15,4-16 
Disabling The Watchdog, 1-43 
DIV (Divide Integers), 2-12 
DIVB (Divide Short-Integers), 2-12 
Divide, 2-12, 2-13 
DIVU (Divide Words), 2-13 
DIVUB (Divide Bytes), 2-13 
DJNZ (Dee and Jump if Not Zero), 2-14 
Double-Word Operands, 1-15, 1-19 
Drive and Interface Levels, 4-06 


E 
EA (External Access), 1-07, 1-10, 1-43, 
4-01, 4-30, 4-38 
EI (Enable Interrupts), 
1-25, 1-27, 2-14 
EPROM,I-07 
Erasing, 4-39 
Lock, 1-13,4-38 
Programming, 4-30 
Timings, 4-28 


Erasing the 879XBH EPROM, 4-39 
Examples 


Memory Systems, 4-25 
Port Reconstruction, 4-29 
Run-Time Programming, 4-37 
System Verification, 4-26 


E 
EXT (Sign Extend Integer into Long-Integer), 
1-19, 


2-15 
EXTB (Sign Extend Short-Integer into Integer), 1-19, 


2-15 
External Clock Drive, 1-03,4-2 


F 
Feedthrough-AID 
Converter, 4-15, 4-16 


FIFO (see HSn, 1-30 
Flag Settings, 2-01 
Flags, 1-18 
FPAL-96, 1-19 
Full-Scale Error-AID 
Converter, 4-15, 4-16 


G 
Gang Programming 
Auto, 4-32 
Slave, 4-35 
Generic Jumps and Calls, 2-01 
BH,2-01 
BR,2-0I 
CALL,2-01 
JH,2-0I 
LCALL,2-01 
UMP, 
2-01 
SCALL,2-01 
SJMP, 2-01 
Global Interrupt Enable Bit (I Bit), 1-25 


H 
Hardware Connections minimum, 4-01, 4-04 
High Speed Inputs (see HSI), 1-28, 1-29 
High Speed Outputs (see HSO), 1-28, 1-31 
HSI, 1-28 
Input Timings, 4-18 
Interrupts, 1-30 
Modes, 1-30, 1-57 
Status, 1-30, I-57 
HSO, 1-28, 1-31, 1-36,4-17 
CAM,I-31 
Clearing, 1-32 
Command Tag, 1-32 
Interrupts, 
1-31 
Output Timings, 4-18 
Pins, 4-08 
Status, 1-31, 1-32 


I 
I Bit (Global Interrupt Enable Bit), 1-25 
I/O Control Register 0 (lOCO), 1-41 
I/O Control Register 1 (lOCI), 
1-42 
I/O Control Registers, 1-41 
I/O Ports, 1-39 
I/O Status Register 0 (IOSl), 1-42 
I/O Status Register 1 (IOS2), 1-42 


I (Continued) 
1/0 Timings, 4-18 
Ideal AID Characteristic-AID 
Converter, 
4-11, 4-16 
Immediate Addressing, 1-16, 2-01 
INC (Increment Word), 2-16 
INCB (Increment Byte), 2-16 
Increment Instruction, 2-16 
Indirect Addressing, 1-15, 2-01 
Indirect Shifts, 2-0I 
Indirect with Auto-Increment Addressing, 1-16 
Input Ports, 1-39, 1-40, 4-08 
Input Resistance-AID 
Converter, 4-16 
INST (Instruction), 4-20, 4-24 
INST Line Usage, 4-24 
Instruction Set, 1-18, 2-01 
Instruction Summary, 1-20, 1-21, 1-52, I-53 
Integer Operands, 1-14, 1-19 
Interface Levels, 4-06 
Internal Memory 
EPROM,I-07 
RAM,I-04 
ROM,I-07 
Internal Ready Control, 1-13 
Internal Timings, 1-03,4-03 
Interrupt, 
1-23, 1-24 
Control, 1-25 
Disable, 2-11 
Enable, 2-14 
Flags, 1-18 
Global Disable, 1-25 
HSI,I-30 
HSO, 1-32 
Mask Register, 1-25 
Nonmaskable, 1-04 
Pending Register, 1-25, 1-27 
Priorities, 1-25 
Serial Port (TIIRI), 
1-37, 4-19 
Software Timers, 1-33 
Timer, 1-28 
Timing, 1-27 
Vectors, 1-25, 1-58 
lOCO, 1-28, 1-41, 1-58 
lOCI, 1-28, 1-42, 1-58 
10SO, 1-42, 1-58 
10SI, 1-28, 1-42, 1-58 
IRCO, IRCI Internal Ready Control, 1-31 


J 
JBC (Jump if Bit Clear), 2-17 
JBS (Jump if Bit Set), 2-18 
JC (Jump if Carry Flag Set), 2-18 
JE (Jump if Equal), 2-19 
JGE (Jump if Signed Greater Than or Equal), 2-19 
JGT (Jump if Signed Greater Than), 1-19, 2-20 
JH (Jump if Higher Unsigned), 1-19,2-20 
JLE (Jump if Less Than or Equal), 2-21 
JLT (Jump if Signed Less Than), 2-21 
JNC (Jump if Carry Flag is Clear), 2-22 


J 
JNE (Jump if Not Equal), 2-22 
JNH (Jump if Not Higher Unsigned), 2-23 
JNST (Jump if Sticky Bit is Clear), 2-23 
JNV (Jump if Overflow Flag is Clear), 2-24 
JNVT (Jump if Overflow Trap is Clear), 2-24 
JST (Jump if Sticky Bit is Set), 2-25 
Jump, 2-29, 2-50 
Conditional, 1-19 
if Carry Flag Clear, 2-22 
if Sticky Bit Clear, 2-23 
on Bit Clear, 2-17 
on Bit Set, 2-18 
on Carry Flag Set, 2-18 
Jump to Self, 4-37 
IV (Jump if Overflow Flag is Set), 2-25 
JVT (Jump if Overflow Trap is Set), 2-26 


L 
LCALL (Long Call), 2-26 
LD (Load Word), 2-27 
LDB (Load Byte), 2-27 
LDBSE (Load Integer with Short-Integer), 1-19, 
2-28 
LDBZE (Load Word with Byte), 2-28 
Least Significant Bit-AID 
Converter, 4-16 
UMP 
(Long Jump), 2-29 
Load,2-27 
Load Sign Extended, 2-28 
Load Zero Extended, 2-28 
LOCO LOCI Program Lock Control, 1-13 
Lock Modes, 1-13 
Lock Program, 4-38 
Long-Indexed Addressing, 1-16, 2-01 
Long-Integer Operands, 1-15, 1-19 
Ireg, 2-01 
LSB-Least 
Significant Bit-AID 
Converter, 4-16 


M 
MAO (Memory Address 0), 4-24 
MAO-MAI5 
(Memory Address 0-15), 
1-08 
Memory 
Interface, 4-20 
Map, 1-04, 1-51 
Reserved Locations, 1-07 
Timings, 1-09 
Memory Controller, 1-01, 1-02, 1-08 
Missed Codes-AID Converter, 4-15, 4-16 
Mode 0 Timings Serial Port, 4-19 
Mode 2 and 3 Timings Serial Port, 4-20 
Modified Quick-Pulse Programming, 4-39 
Monotonic-AID 
Converter, 4-15, 4-16 
MUL (Multiply Integers), 2-29, 2-30 
MULB (Multiply Short Integers), 2-30, 2-31 
Multiply, 2-29, 2-30, 2-31, 2-32, 2-33 
Multiprocessor Communications, 1-39 
MULU (Multiply Words), 2-31, 2-32 
MULUB (Multiply Bytes), 2-32, 2-33 


N 
N Flag (see Negative Flag), 1-18 
NEG (Negate Integer), 2-33 
Negate Instruction, 2-33, 2-34 
Negative Flag, 1-18 
NEGB (Negate Short-Integer), 2-34 
NMI (Non-Maskable Interrupt), 
1-04, 4-01 
No Missed Codes-AID 
Converter, 4-15, 4-16 
Noise Protection, 4-28 
Non-Linearity-A/D 
Converter, 4-15, 4-16 
Nonmaskable Interrupt, 
1-04 
NOP (No-Operation), 2-34 
NORML (Normalize Long-Integer), 1-19, 1-27, 
2-35 
NOT (Complement Word), 2-35 
NOTB (Complement Byte), 2-36 


o 
OfT-Isolation-AID 
Converter, 4-15, 4-17 
Opcode, 2-01 
Opcode List, 1-54, I-55, 1-56 
Open Drain Ports, 4-08 
Operand Addressing, 1-15 
Operand Types, 1-14 
Operating Modes, 1-09 
OR (Logical OR Words), 2-36 
ORB (Logical OR Bytes), 2-37 
Oscillator, 1-03, 4-01, 4-02 
Output Ports, 1-40 
Overflow Flag, 1-18, 2-24, 2-25 
Overflow Trap, 1-18, 2-09, 2-24, 2-26 


p 
Packaging, 1-48,4-29 
Packaging Diagram, 1-49 
PACT (Programming Active), 4-31 
PALE (Programming ALE' Input), 4-31 
PC (Program Counter), 1-02, 2-01 
PCCB (Programming CCB), 1-10,4-30,4-36 
PCCR Programming Chip Configuration Register 
(PCCR), 4-30 
PDO (Program Duration Overflow), 4-31 
Phase 
Internal Clock, 1-03 
Pin Description, 1-44, 1-45, 1-46 
Pin List, 1-47 
Pinouts, 1-50 
PLM-96, 1-22 
PLMREG, 
1-22 
PMODE (Programming Mode), 1-59,4-30,4-31 
POP (POP Word), 2-37 
Pop Flags, 2-38 
Pop Word, 2-37 
POPF (Pop Flags), 1-27, 2-38 
Port 0, 1-40 
Timings, 4-19 
Port I, 1-40 
Timings, 4-19 


P 
Port 2, 1-39, 1-40, 1-59 
Alternate Functions, 1-39 
Timings, 4-19 
Port 3, 1-40, 4-31 
Timings, 4-19 
Port 4, 1-40,4-31 
Timings, 4-19 
Port Reconstruction, 4-28 
Power Down, 1-05 
Power Down Circuitry, 4-06 
PROG (programming Pulse), 4-31 
Program Counter (PC), 1-02, 2-01 
Program Lock, 1-13,4-38 
Program Status Word (PSW), 1-02, 1-17, 1-25 
Program Verified, 4-31 
ProgramlVerify Signals, 4-35 
Programming, 4-30 
Auto, 4-32 
Configuration Byte, 4-36 
Gang-Auto, 4-32 
Gang-Slave, 4-35 
Mode Select, 4-31 
Modes, 4-30 
Run-Time, 4-37 
Slave, 4-34 
Programming Active, 4-31 
Programming ALE Input, 4-31 
Programming Chip Configuration Byte (PCCB), 1-10, 


4-30 
Programming Duration Overflow, 4-31 
Programming Mode Pin Definitions, 4-31 
Programming Pulse, 4-31 
PSW (Program Status Word), 1-02, 1-17, 1-25 
Pulse Width Modulation (see PWM), 1-35 
PUSH (Push Word), 2-38 
Push Flags, 2-39 
Push Word, 2-38 
PUSHF (Push Flags), 1-27, 2-39 
PVER (program Verified Output), 4-31 
PWM 
Using the HSO, 1-36 
PWM (Pulse Width Modulation), 1-35,4-09,4-17 


Q 
Quasi-Bidirectional Hardware Connections, 4-06 
Quasi-Bidirectional Port, 1-40,4-06, 4-07 
Queue, 1-08 


R 
RALU (Register/Arithmetic 
Logic Unit), 1-01, 1-02 
RAM 
Internal Memory, 1-04 
RD (Read), 1-09, 4-09, 4-20 
Read, 1-09 
Ready, 1-09, 1-13,4-21 
Ready Control, 1-13 


R (Continued) 
Receive Interrupt (RI), 1-37, 4-19 
Register Direct Addressing, 1-15, 2-01 
Register File, 1-01, 1-02, 1-04 
Register Utilization, 1-22 
REN (Receiver Enable), 1-37, 4-19 
Repeatability-AID 
Converter, 4-17 
Reserved Memory Locations, 1-07 
Reset, 1-03, 1-05, 1-43,4-03 


Instruction, 2-40, 4-28 
Multiple Chip, 4-04 
Sequence, 4-03 
Status, 1-44 
Sync Mode, 1-44 


Reset Signal, 1-43 
Resolution-AID 
Converter, 4-17 


RET (Return), 2-39 
Return, 2-39 
RI (Receive Interrupt), 
1-37, 4-19 


ROM,l-07 
ROMIEPROM 
Dump Mode, 4-38 


ROMIEPROM 
Lock, 1-13,4-38 


RST (Reset Instruction), 2-40, 4-28 
Run-Time Programming, 4-37 
RXD (Receive Pin), 4-09 


S 
SALE (Slave ALE), 4-31 
Sample Delay-AID 
Converter, 4-17 


Sample Delay Uncertainty-AID 
Converter, 4-17 


Sample Time-AID 
Converter, 4-17 


Sample Time Uncertainty-AID 
Converter, 4-17 


Sample Window-AID 
Converter, 4-17 


Sampling Circuitry-AID 
Input, 4-10 


SBUF (Serial Port ButTer), 1-37 
SCALL (Short Call), 2·40 
Security Key, 4-38 
Serial Port, 1-36 
ButTer(SBUF), 1-37 
Control/Status, 
1-37 


Mode 0,1-36 
Mode 0 Example, 4-20 
Mode 0 Timings, 4-19 
Mode I, 1-37 
Mode 2,1-37 
Mode 2 and 3 Timings, 4·20 
Mode 3,1-37 
Timings, 4-19 


SETC (Set Carry Flag), 2-41 
SFR, 1-01, 1-04, 1-05 
SFR Summary, 1-06, 1-57 
Shift Indirect, 2-01 
SHL (Shift Word Left), 2-41 
SHLB (Shift Byte Left), 2-42 
SHLL (Shift Double-Word Left), 2-43 
Short-Indexed Addressing, 1-16,2-01 
Short-Integer Operands, 1-14, 1-19 
SHR (Logical Shift Right Word), 2-44 


S 
SHRA (Arithmetic Shift Right Word), 2-45 
SHRAB (Arithmetic Shift Right Byte), 2·46 
SHRAL (Arithmetic Shift Right Double-Word), 2-47 
SHRB (Logical Shift Right Byte), 2-48 
SHRL (Logical Shift Right Double-Word), 2-49 
SID (Slave ID), 4-31 
Sign Extend, 2-15 
Signature Word, 4-39 
SIGND,1-27 
SJMP (Short Jump), 2-50 
SKIP (Two Byte No-Operation), 2-50 
Slave ALE, 4-31 
Slave ID Number, 4-31 
Slave PC, 1-02, 1-08 
Slave Programming, 4-34 
Slave Programming Mode Commands, 4-34 
Slave Programming Pulse, 4-31 
Software Overview, 1-14 
Software Protection, 1-43 
Software Standards, 1-22 
Software Timers, 1-33 
Software Trap, 2-55 
Special Function Register (see SFR), 1-01 
SPROG (Slave Programming Pulse), 4-31 
SP_CON, 
1-37, 1-38, 1-57 
SP_STAT, 
1-37, 1-38, I-57 
ST (Store Word), 2-51 
ST Flag (see Sticky Bit), 1-18 
Stack Pointer, 1-04 
Stack Pointer Register Addressing, 1-17 
Standard Bus Control, 1-11 
Standard I/O Ports, 4-19 
State Time, 1-03 
State Time List, 1-54, 1-55, 1-56 
Status and Control Registers, 1-41 
STB (Store Byte), 2-51 
Sticky Bit, 1-18, 2-25 
Store, 2-51 
SUB (Subtract Words), 2-52 
SUBB (Subtract Bytes), 2-53 
SUBC (Subtract Words with Borrow), 2-54 
SUBCB (Subtract Bytes with Borrow), 2-54 
Subroutine Linkage, 1-22 
Subtract, 2-52, 2-53, 2-54 
Successive Approximation-AID 
Converter, 4-17 
Sync Mode, 4-05 
System Bus, 1-08, 1-40, 4-09, 4-20 
System Bus Timings, 4-21 
System Verification, 4-26 


T 
T2CLK (TIMER2 Clock), 4-19 
T2RST (TIMER2 Reset), 1-32 
TAVDV (ADDRESS 
Valid to DATA Valid), 4-22, 


4-27 
TAVGY (ADDRESS 
Valid to BUSWIDTH 
Valid), 


4-22 


T (Continued) 
TAVLL (ADDRESS Valid to ALE/ADV 
Low), 4-23, 
4-27 
TB8/RB8, 
1-37 
TCHCH (CLKOUT High to CLKOUT High), 4-23 
TCHCL (CLKOUT High to CLKOUT Low), 4-23 
TCLLH (CLKOUT Low to ALE High), 4-23 
TCL VL (CLKOUT Low to ALE/ ADV Low), 4-23 
TCL YX (READY Hold after CLKOUT Low), 4-22 
Temperature Coefficients-AID 
Converter, 4-17 
Terminal Based Characteristic-AID 
Converter, 
4-14,4-17 
THLHH (WRL WRH low to WRL WRH high), 
4-23, 4-27 
TI (Transmit Interrupt), 
1-37,4-19 
Timer 2, 1-32 
Timer Interrupts, 
1-28 
Timings 
Definitions, 4-22, 4-23 
HSI/HSO, 4-18 
I/O, 4-18 
I/O Ports, 4-19 
Internal, 1-03,4-03 
Serial Port, 4-19 
System Bus, 4-21 
TLHLL (ALE/ ADV High to ALE/ ADV Low), 4-23 
TLLAX (ALE/ ADV Low to ADDRESS Invalid), 
4-23 
TLLCH (ALE/ ADV Low to CLKOUT High), 4-23 
TLLGV 
(ALE/ ADV 
Low to BUSWIDTH 
Valid), 
4-22 
TLLGX (BUSWIDTH Hold after ALE/ ADV Low), 
4-22 
TLLHL (ALE/ ADV Low to WRL WRH Low), 4-23 
TLLRL (ALE/ADV 
Low to RD Lo~4-23 
TLLRL (ALE/ ADV Low to RD or WR Low), 4-27 
TLLYH (ALE/ ADV Low to READY High), 4-22 
TLLYL (ALE/ ADV Low to READY Low), 4-22 
TOHCH (XTALI High to CLKOUT High), 4-23 
TOSC (Oscillator Period), 4-22 
TQVHL (OUTPUT Valid to WRL WRH Low), 4-23 
TQVWH (OUTPUT Valid to WR High), 4-23, 4-28 
Transmit Interrupt (TI), 1-37, 4-19 
TRAP (Software Trap), 1-27, 2-55 
TRHBX (RD High to INST BHE AD8-ADI5 
Inval- 
id), 4-23 
TRHDZ (RD High to DATA Float), 4-22 
TRHLH @ High to ALE/ ADV High), 4-23 
TRLDV (RD Low to DATA Valid), 4-22, 4-27 
TRLRH (RD Low to RD High), 4-23 
TWHBX (WR High to INST BHE AD8-ADI5 
Inval- 
id), 4-23 
TWHLH (Write High to ALE/ ADV High), 4-23 
TWHQX (WR High to OUTPUT Not valid), 4-23 
TWLWH (WR Low to WR High), 4-23 
TXD (Transmit Pin), 4-09 
TYLYH (READY Low to READY High), 4-22 


v 
V Flag (see Overflow Flag), 1-18 
Vcc, 4-01 
VCC Rejection-AID 
Converter, 4-15, 4-17 
VpD (Powerdown Voltage), 1-05,4-01 
VREF (Analog Voltage Reference), 1-33,4-01, 4-11 
VSS,4-01 
VSSI,4-o1 
VSS2,4-o1 
VT Flag (see Overflow Trap), 1-18 


W 
waop, 2-01 
Watchdog Timer, 1-43,4-05 
Disabling, 1-43, 4-05 
Word Dump Command, 4-35 
Word Operands, 1-14, 1-19 
WR (Write), 1-09, 1-11,4-09,4-20,4-24 
wreg, 2-01 
WRH (Write High), 1-11, 1-12,4-20, 4-24 
Write Strobe Mode, 1-12 
WRL (Write Low), 1-11, 1-12,4-20,4-24 


X 
XOR (Logical Exclusive-or Words), 2-55 
XORB (Logical Exclusive-or Bytes), 2-56 
XTAL Inputs, 1-03,4-01, 4-02 


z 
Z Flag (see Zero Flag), 1-18 
Zero Flag, 1-18 
Zero Offset-AID 
Converter, 4-15, 4-17 
Zero Register Addressing, 1-17 


